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MILITARY CURRICULUM MATERIALS

. The military-developed curriculum materials in this course
package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these cQurses was to make curriculum materials
ceveloped by the military more accessible to vocational
educators in the civilian setting.

The course materials were acquired, evaluated by ‘broject
staff and practitioners in the field, and prepared for
dissemination. Materials which were specific to the military-
were deleted, copyrighted materials were either cmitted or aporo-
val for their use was obtained. These course packages contain
curriculum resource materials which can be adapted to support

vocational instruction and curriculum development.
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One hundred twenty courses on microfiche
{thirteen in paper form) and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation. )

Course materials include programmed
instruction, curriculum outlines, instiuctor
guides, student workbooks apd technical
manuals.
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sixteen vocational subject areas:
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Construction Conditibning
Trades Machine Shop
Clerical Management &
Occupations Supervision
Communications  Meteorology &
Dialting Navigation
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Engine Mechanics  Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vocational and
technical education are identilied and selected
for dissemination.
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Course Description

\ This course was designed t0 provide the theory portion of Technician (advanced) training in radiology. |t should accompany {aboratory work or

\ on-the-job assignments. This course follows the Apprentice {semiskilled) and Speciatist {skilied) levels in this career but contains review materiais
from both. The job duties outlined for this pdsition are:

Operates X-ray equipment ’ N
Assists in fluoroscopic examinations

Assists radiologist in treatment of digease by rddiation therapy
Enforces health-protective measures
Supervises radiology

N

B
3
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The course ;s diwided into five volumes each containing several chapters. Each chapter consists of several learning objectives with text, (eview
exercises and answers.

.

« voiume 1
-

.

Volume 2

voiume 3

voiume 4

voiume 5,

*
*
«

“»
Radiographic Fundamientals discusses fundamentais of X-ray production, the primary beam, exposure devices, film,
film holders, and darkrooms; comr?l of film quality; and environmental safety.

Osteology and f?osmon/.ng describes the osteology of the extremities, vertebral column, ribs, sternum, skull, facial

bones,.\an_d paranasal sinuses. -

Special Techmques covers mammography, obstetrical radiography, tomography, stereoscopic radiography, localization

of foreign bodies, scanography. and arthrography, bedside and surgical radiography, and fitm duplication and su btraction.
» * 4 :

Special Procedures discusses contrast studies of the digestive, urogenital systems, respiratory systems, cardiovascular

systems, and the nervous system.

General Information and Administration covers the muscular, integumentary, and endocrine systems, field radiography,
and radiation therapy. The chaptar on the radiology career field, and the chapter on ‘supervision, training, supply, and
general raq:ology administration were deleted because they referred to specific military procedures and organization.

This coursi: contains useful information for a beginning studer.t in radiology, but was designed for advanced on the job learning for students who
have completed some prior traiming in the field, The course s designed for student seif-study with criterion objectives, coded text, and criterion
tests and answers. The volume review exercises aré keyed to.the objectives but no answers are provided.
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Preface

IN THE VERY early days of radiology, all of the mechanical work was done by the
physician who owned the equipment. He positioned the patient, operated the X-ray
generator, made the exposures, and processed the photographic plates. Naturally, this
operation restricted the number of patients he could examine in a day's time. One
enterprising. physician reasoned that if he could train a layman to do the mechanical
work, he would be frée to handle the purely professional work of the science. He hireda
man—the first technician—and taught him how to operate the generator and process
the films. Unfortunqtcly\, because of a lack of information on the subject, he neglected
to train the man in the basic fundamentals of the science. Such primary conceptsas the
theory of X-ray production, beam restriction, and protection against ionizing .
radiation were not include in the “technician’s” training. This exclusion of now vital
fundamental information had dire results. Both technician and radiologist, ignorant of
_ the consequences, worked in the primary beam, and consequently, were
overexposed—some to the point that the radiation crippled them.

Radiology today has evolved into a highly technical science. Because of this,
knowledge of the fundamentals of our field becomes more and more important to you.
Without a good fundamental background, you cannot understand and apply the new
concepts and therefore provide the best patient care.

This volume of the CDC is devoted to the basic fundamentals of radiology. Some of
the information may seem familiar to you since we have included selected review
material from the Phase 1and the Phase II Air Force training programs. You will also
discover throughout this volume and the complete CDC many references to quality
control, with which you will become more and more involved throughout your career.

If you have questions on the accuracy or currency of the subject matter of this text,
or recommendations for its improvement, send them to School -of- Health Care
Sciencess MST, Sheppard AFB TX 76311. NOTE: Do not use the suggestion program
to submut corrections for typographical or other errors. .

If you have questions on course enroilment or administration, or on any of ECI's
instructional aids (Your Key to Career Development, Behavioral Objective Exercises,
Volume Review Exercise, and Course Examination), consult your education officer,
training officer, or NCO, as appropriate. If he can’t answer your questions, send them
to ECI, Gunter AFS AL 36118, preferably on ECI Form 17, Student Request for
Assistance,

This volume is valued at 36 hours (12 points).

Material in this volume is technically accurate, adequate, and current as of January
1975. e
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CHAPTER 1

7

NOTE: In this volume, the subject matter is developed by a scries of Leaming Objectives.
Each of these carrics a 3-digit number and is in boldface type. Each sets a learning goal for you.
The text that follows the objective gives you the information You necd to reach that goal. The
exercises iollowing the information give you a check on your achicvement. When you complete
them, see if your answers match those in the back of this volume., If your response to an
exercise is incorrect, review the objective and its text,

Fundamentals of X-ray Production

IN ORDER TO BECOME a competent radiologic
technologist you must understand the equipment
with which you are working. 1t is true that you can
produce a radiograph, perhap$ an excellent one,
without understanding the operation of the X-ray
machine. But what action would you take, for
exampic, if you have occasion to makeseveral high-
lond exposures 1n rapid succession. Could you
determine if the exposures exceed the maximum
limuts of your X-ray tube? Would you even consider
<hecking the tube rating chart at all? These are some
of the things that separate the radiologic
technologist from someone you no doubt have
heard referred to as a "button pusher.”

You are not expected to learn all the complexities
of X-ray machine operation. On the contrary, most
of this chapter 1s imited to factors that affect cither
the speed or the number of clectrons that interact
with the tube target to produce X-radiation. Keep in
mind as you study this chapter that factors which
affect the electron ultimately affect the quality or
quantity (photon energy and number of photons per
unit area) of the X-radiation.

1-1. Fundamentals of Electricity

All the effects of electricity can be explained by
assuming the existence of a minute particle called
the electron. Using the electron theory, scientists are
able to make discoveries and predictions that
cecemed impossible only a few years ago. The
electron is not only the basis of design for all
electrical equipment; it 1s also directly connected to
the production of X-radiation, as mentioned in the
introduction to this chapter. We begin our study of
the electron with a review of electrical current.

001. Define electrical current and list three factors
that influence electron movement in a conductor.

Basic Theory of Electrical Current. The flow or

movement of electrons through a conductor
constitutes an electrical current. What causes

" electrons to flow through a conductor? Refer to

figure I-1 where two containers of water are
connected by a pipe. Obviously the water will flow
from left to right until we have the same amount of
water in both containers. If we compare the drops of
water with clectrons, then we could say that the
container on the left has a surplus of clectrons, and
the container on the right has a shortage of
electrons. Since electrons have a negative charge, we
could also say that the container on the left is
negative and the one on the right is positive. This
difference between electrostatic charges is an
important factor that affects the movement of
electrons in a.conductor.

Whenever we have opposite charges, we also have
a difference in potential, and it is this difference in
potential that is required to produce electron flow in
a conductor. Again refer to figure |-1. Once we have
the same water level in both containers, water will
stop flowing because there is no longer a difference
in potential —or, in the case of electrons, we could
say we have like charges.

The flow of water from one container to the other
in figure |-1 is also influenced by the characteristics
of the pipe connecting the two. This is casy to
understand o you imagine how replacing the pipe
with one having a smaller diameter would slow the
movement of water from one container to another.
In case of an electrical current, clectron flow is
hikewise affected by the amount of resistance of the
conductor or of other devices present in the circuit,

Exercises (001):

. v
1. Define electrical current.
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short one, assuming that the two conductors are
otherwise equal. In other words, the resistance of a
conductor is proportional to its length.

Another factor affecting conductor resistance is
its cross-sectional area. The greater the cross-
sectional area, the lower the resistance; the smaller
the cross-sectional area, the greater the resistance. A
large cross-sectional area provides a larger space
througin which the electrons move; consequently,
fewer electron coilisions result. If we compare the
resistance of two conductors, one with twice the
cross-sectional area of the other, the larger
conductor offers only one-fourth as much resistance
as does the smaller one.

The final factor affecting the resistance of a
conductor is its temperature. For most materials,
the hotter the material, the more resistance it offers
to an electrical current; and the colder the material,
the less resistance it offers to the electrical current.
This effect comes about because a change in the
temperature of a material changes its molecular
activity. The effect of temperature upon resistance 1s
the least important of the four factors—material,
length, cross-sectional area, and temperature—that
control resistance.

Exercises (005):

1. Assuming all other factors are equal, do two
current-carrying wires made of different
matenals offer the same resistance to current
flow?

to

Assuming all other factors are equal, does
copper offer more or less resistance than iron?
Does aluminum offer more or less resistance
than copper?

3. If a 3-foot conductor offers 6 Q) resistance, how
much resistance does a |-foot conductor offer, if
all other factors are equal?

4, Why 1s the resistance of a conductor influenced
by conductor length?

5. If a conductor’s resistance is 2 {}, how much
resistance is present in a conductor with twice the
cross-sectional area if all other factors are equal?

6. Does conductor temperature affect its
resistance? If so, does a high temperature
increase or decrease resistance?

7. Of the factors discussed that affect conductor
resistance, which one is least important?

006. Using the formulas derived from Ohm’s law,
find the following circuit values: (1) current if
voltage and resistance are given, (2) resistance if
voltage and current are given, and (3) voltage if
current and resistance are given.

Ohm’s Law. To this point, our discussions of
current, voltage, and resistance have mostly dealt
with the relative values of those elements. Now, let’s
see how we can determine the specific values of any
one of the three elements when-we know what the
other two values are.

The relationships between current, voltage, and
resistance are expressed in Ohm's law. The law
states: “In a DC circuit, current varies directly with
the voltage and inversely with the resistance.” If we
know two of the three values, we can, by using the
formulas derived from Ohm’s law, determine the
other value. The formulas are as follows:

Current: [,

Resistance: R =

~ x|

Voltage: £ =7 X R

An easy way to remember these formulas is by the
use of the chart in figure 1-2. To use these formulas,
cover the letter symbol for the value vou are trying
to determine. For instance, if you cover up the E, all
you have left is 7 X R, Therefore, in order to find the
voltage, your formula is E= I XR. Now, if you want
to solve for current, you cover up /. This will leave

you with -1—1';— There fore, if you want to calculatethe

current, your formula would be /= E i you need

the formula for resistance, just cover up the R and
you will get the formula R= £ Now, let’s seec how

Chm’s law is applied to a simple electrical circuit.

1y




If you look at the circwit 1n figure 1-3, you will sce
thut we hade @ battery, which/G@Ghall assume 15
providing 6 volts. The lamp hasta resistance of 2
ohms when the switch is closed; &nd the problem is
to find the current. Since we are looking for current,

we use the formula /= £ . When we substitute the
two known values tor E and R, we have -—;—
Therefore, / =-§-', or, / = 3 amps. Even though we

now know all the values in this circuit, let’s use the
formula for practice to prove each value. First, let’s

solve the R, the formula for which is R =—-E-,

Substituting values, we have R=% ;or,R =20hms.

To solve for E, the formula is E= I X R. Therefore,
E=3X2 or, E=6volts.

Exercises (006):

| What is the resistance in a circuit if the voltage is
110 volts and the current is 5 amperes?

2. What 1s the voltage in a circuit if the current is 2
amperes and the resistance is 55 ohms?

=

Figure 1-2, The Ohm’s law chart.

3. What is the current in a circuit if the voltage is 12
volts and the resistance is 4 ohms?

087. Given a schematic of a circuit showing various
component symbols, identify the symbols shown,

St - 1,~ts of Circuit Components, For simplicity
and .* -~ve space, symbols of circuit components
are used rather than pictures. While it is not
necessary for you to identify all component
symbols, you willneed to identify some of the most
common symbols used throughout this chapter. In

6V

20 (&)

.

Figure | 3 A simple DC cireunt,

5
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OHM METER LAMP FUSE
AMMETER FIXED RESISTOR CROSSED OVER WIRES
VOLTMETER CONNECTED WIRES VARIABLE RESISTOR
ﬂ/. II | l
e i —
SWITCH BAT TERY GROUND

Figure | 4. Some common circuit component symbols.
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addition. this knowledge will aid you considerably
in interpreting other technical iiterature. Figure 1-4
shows the common circuit symbols you should
know. (NOTE: When a battery symbol is used, the
battery voltage 1s sometimes written alongside the
symbol.)

/)3

Exercises (007):

Figure !-5 is a circuit schematic showing 1]
commonly used component symbols. Opposite the
appropriate numbers below, write thic name of each
component symbolized in figure 1-5.

-
@

Figure -5, Objective 007, exercises | through 11,

— — -
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008. Given a schematic of a series circuit, including
total voltage and individual resistor values, find the
current at various points in the circuit, the total
resistance of the circuit, and the voltagedrop across
each resistor.

Basic Electrical Circuits. Electrical circuits are
classified according to the way their components are
arranged or connected. The three types of circuits
are series, parallel, and series-parallel. Sce figure 1-
6. o

" Series circuit. A series circuit is one in which the
components are connected end to end and there is

only one path for the current. See figure 1-7,A,
which shows three clectrical devices connected in
series. )

Now, let's discuss the behavior of current,
resistance, and voltage in a series circuit. Current is
the simplest, so let’s consider it first, with the aid of
figure 1-7,B. If we close the switch, completing the
circuit, the three ammeters should show the amount
of current at various points in the circuit. All the
ammeters should read the same amount of current.
This is the first important thing to remember about
a series circuit: Current is the same at all pointsina
series circuit. This is somectimes expressed in
formula form as:

h=h=h...
Total Current Current
I
Current cquals through R equals through R:

It doesn’t matter how many resistors you have. If

there were five resistors in the circuit, the formula
would be:

k=h=h=h=0L=1
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Figure [-6. Representative simple circuits. B
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Figure 1-7. nepresentative series circunts.

Notice that we haven't said how much current there
is. We have said merely that whatever the current is, Exercises (008):
it's the same everywhere in the circuit; ) N . .

The total resistance in a series circuit is equal 1o Using figure 1-8, complete the followingexercises.
the total of the separate resistors. No matter how
many resistors are in a series circuit, they all have to
be added to find the total resistance. This rule can be
expressed as the following formula:

R=R+ R+ Ry+ Re...

In a circuit, the voltage drop across a resistor is
the voltage required to force the current through the
resistor. The rotal of the voltage drops across all the
resistors in a series circuit equals the voltage applied
to the circuit. To determine the voltage drop across
each resistor, use Ohm’s law (E = I X R). For |
example, if there aretworesistors ina 12-volt circuit
with values of 2 0 and 4 (, the voltage drop across
each resistor is 4 volts and 8 volts respectively. Of
course, you must first determine the current in the
circuit by using Ohm’s law before you can determine

the voltage drop. In case of our example cited 1. What is the current between Rj and R;? Between
above, the current in the circuit is 2 A since 1=-£—(E R and R:? Between Ry and the battery?

=12 Vand R =6 1). Then to find the voltage drop
across the 2 () resistor, use the formula E=/1XR.
Since /=2 A and R=21(},thevoltage drop is 4 volts.
The voltage drop across the 4 € resistor is 8 volts,
simee /24 and R= 4

Figure 1-8. Objective 008, excrcises | through 3.

ERIC

Aruitoxt provided by Eic:




2. What is the total resistance in the circuit?

3. What is the voltage drop across Ri? Across R;?
Across Ry?

009. Given a schematic of a parallel circuit,
including the total voltage and individual resistance
values, find the voltage at various points within the
circuit, the current through each resistor, and the
total resistance of the circuit.

Parallel circuit. 1t is often necessary to connect
electrical devices in a circuit so that the total voltage
1s applied across each device. A circuit in which two
or more devices are connected across a common
power source is called a parallel circuit. Let’s
examine the behavior of voltage, current, and
resistance in a parallel circuit.

Note in figure 1-9 that points a, b, ¢, and d are
connected and arc one point electrically. Similarly,
points ¢, f. g and h comprise another electrical
point. Since the applied voltage appears between
points a and ¢, the same voltage appears between
points b and f and between points c and g, as wellas
between points d and h. So it can be said that when
resistors are connected in parallel across a voltage
source, each resistor has the same voltage applied to

¢ it, although the currents may differ depending upon
the values of resistance. The voltage in a parallel
circuit may, therefore, be expressed mathematically
as follows:

E=E=6=E5

where Ei is the applied voltage, E; is the voltage
across Ri, E; across Ry, and £y across Ry.

The current. on the other hand, divides ainong
the various branches in a parallel circuit in a manner
depending upon the resistance of each branch. Ina
parallel circuit, branches with low resistance draw
more current than branches with high resistance.
Therefore, the current in the circuit may be
expressed mathematically as follows:

a |, P ¢ d

1 4

| s

h=h+ 5L+

where /. is the total current and 1y, 12, and y are the
current®through Ri, R:, and R, respectively,

The total resistance in a parallel circuit is always
less than the lowest resistance in thegircuit. There
are several methods to compute the resistance;
however, the reciprocal method will be the only one
discussed here. As a rule, we can say that the
effective resistance of parallel resistors is equal to
the reciprocal of the sum of the reciprocals.
Although this may sound complicated, it is not.
Let’s look at the formula:

Suppose the values of the resistors above are R 1
ohm, R; 2 ohms, and R; 2 ohms. Substituting the
resistance values in the formula we find:

U P I i
=T ¢t +

2R =lor R=0J3

Therefore, the total resistance in this parallel circuit

= E, would be 0.5 ohm.
. f g -
Exercises (009):
Figure 1-9 A parallel DC aircunt Using figure 1-10, complete the following exercises.
9
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l. What is the voltage across R,? Across R?

2. What is the current through R,? Through Ry?
Through R;? Through R

3. What is the total current in the circuit?

4. What is the total resistance in the circuit?

010. Given a schematic of a series-parallel, find the
total resistance in the circuit.

I

Figure 1-11 Series-

»
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Figure 1-10. Objective 009, exercises | through 4,

. ' 10 ~ 5 .

Series-parallel (compound) circuit. A series-
parallel circuit consists of two or more parallel
resistors connected in series with one or more
resistors. Let’s look at such a circuit and see the
relationships between current, voltage, and
resistance.

The casiest way to find the different values,is to
redraw the circuit into a series circuit and find the
values just as you would any other series circuit.
Figure 1-11,A, shows a series-parallel circuit with
three resistors. The first thing you should do is to
find the equivalent resistance of the parallel
resistors (R and ‘R;) by using the reciprocal
method. Then redraw the circuit into a series circuit
(fig. 1-11,B) to include R, and another resistor R,
which represent the equivalent resistance of R, and
Ru. In this case the resistance of R.is 1 0.

parallel circuit showing how to redraw the circuit into a’serics carcunt to find the total
y resistance.

I)\




Exercise (010

1 Figure 1-12showsa seres-pacailel cwouit, What
s the 1otal reststance of the aircue?

Figure 1-12. 0b}ccuvc 010, exercise 1.

011. Define magnetism, answer key questions

about a magnetic field, and state the laws ofﬁ

magnetic attraction and repulsion.

Magnetism. Since there is a definite relationship
between electricity and magnetism, a study of
electricity must include a discussion of magnetism.
It is of special importance to you because
magnetism is used in many aspects of X-ray
machine and other related equipment operation.
Magnetism can be defined as a force which attracts
iron, steel. or other magnetic substances.

Magnetic field. A magnet, regardless of shape or
size, has a north pole (N) and a south pole (S), as
shown in figure 1-13. Also shown is an invisible
magnetic field, which is present around and insidea
magnet. This magentic field can be demonstrated by
palcing a piece of paper over a bar magnet and
sprinklir iron filings on the paper. Tap the paper
gently, ¢ the iron filings will arrange themselves
to coincide with the magnetic field (see fig. 1-14).
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Figure 1-13. Magnetic poles and magnetic field.
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Figure 1-14. Demonstration of the magnetic ficld.

The magnetic field is made up of lines of force, also
called flux lines. These lines of force travel fromthe
north pole to the south pole outside the magnet and
from the south pole to the north pole within the
magnet. The strength of a magnetic field depends
upon the number of lines of force per unit area; the
more concentrated the lines, the stronger the fieid.
These lines are more concentrated at the poles.

Laws of attraction and repulsion. There are two
laws that describe the attraction and repulsion of
magnztic poles: (1) like magnetic poles repel each
other, and (2) unlike magnetic poles attract each
other.

Exercises \0il):

1. Define magnetism.

. Where, in relation to the magnet itself, is the
magnetic field located? '

3. In what directions do the lines of force travel?

. What determines the strength of a magnetic
field?

5. State the laws of magsdetic attraction and
repulsion. :

012. Differentiate between magnetic and

nonmagnetic substances; and given statements

)

~ )
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pertaining to magnetic dipoles and the relationship
between magnetic dipoles and the magnetic field,
indicate which are true and which are false.

. -

Magnetic and nonmagnetic substances. All
matter isaffected to some extent by a magnetic field.
Substances strongly attracted by a magnetic field
are called “magnetic substances,” and substances
not noticeably affected by a magnetic field are
generally classified as “nonmagnetic substances.”
Iron and steel are examples of strongly magnetic
materials, while wood, copper, and glass are
nonmagnetic.

Magnetic materials consist of millions of tiny
clementary magnets, called magnetic dipoles or
magentic domains, which are molecular or atomic
in size. When these dipoles are arranged at random
in an unmagnetized bar of iron or steel (fig. 1-15,A),
the cumulative magnetic strength of the dipoles is
neutralized. If a magnetizing force is applied to the
iron bar, the dipoles becorne aligned so that all their
north poles point in one direction and all their south
poles point in the opposite direction (fig. 1-15,B).
With the dipoles aligned in this manner, their
magnetic strengths are combined, and lines of force,
or a magnetic field, results. The bar is then
magnetized. The direction of travel of the lines of
force in and around this magnet is established,
based upon the alignment of the poles of the
magnetic dipoles. See figure 1-15,C,
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Figure I-15. Iron bar showing arrangement of magnetic dipoles

befare and after application of a magnetizing force. Also shown

s the relationship between dipole alignment and direction of
lines of force.

Exercises (012); ’
. What is the difference between magnetic and
* nonmagnetic substances?

’

e

2. Give two examples of a magnetic material and
three examples of a nonmaghnetic material.

Indicate whether the following statements are true
or false. '

»

T F 3. Inan unmagnetized magnetic material, the
magnetic dipoles are arranged in a random
pattern.

Uniform alignment of magnetic dipoles
results in an external magnetic field.
Direction of travel of lines of force is
determined by the diréction of alignment of
the magnetic dipoles.

TF4
T F 5.

013. Show the relationship between a current-
carrying conductor and the electromagnetic field
around the conductor.

Electromagnetism. If a current is passed through
a wire conductor, a magnetic field similar to the
‘magnetic field of a bar magnet is created around the
conductor. This magnetic field is sometimes called
an electroraagnetic field.

Relationships between conductors and magnetic
JSields. The lines of force around a straight,.current-
carrying conductor are circular and at right angles
to the direction of current flow (see fig. 1-16). The
magnetic field in this case does not have a north or
south pole.

If a curreat-~carrying conductor is formed into a
loop or coil, as illustrated in figure 1-17, the lines of
force pass through the inside of the coil, as shown.
As a result, a north pole is created on one end of the

U .
MAGNETIC SN
FIELD ™ .7 N
4 B - 4 '\
N o . \ ' .
VA Nt R TR 'R!ENT
—te Ly NS TR
R
v e
\ \ .\ “.“-"' LAFE N
“l v \\ ""‘ » ."\ ::
Y .\ . ’ ’:
\ A3
N M-
A Y ’

LIS .
ML PP

bigure 1 16 Electromagnetic held around a straaght eurrent
carrying conductor
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Figure |-17 Electromagnetic field around a single wire,
conductor loop

loop and a south pole on the other. The direction of ’

the lines of force is the.same as that of a bar magnet
with the inside of the coil representing the magnetic
bar.
If the wire conductor is formed into many loops,
as shown in figure 1-18, the lines of force around the
individual loops combine to form a larger and
stronger magnetic ficld. A north and a south pole
are then established at opposite ends of the coil.
The direction of the lines of force around a
conductor depends upon the direction of current
flow and can be determined by using the left-hand
rule, as shown in figure 1-19. If the left hand is
placed around a conductor so that the thumb points
in the direction of current flow, the lines of force

Figure t-18 Electromagnetic ficld around a wire conductor
formed 1nto several toops

‘)

13

< d

g A

travel in the sume direction as the fingers. Refer
again to figure I-18 and imagine placing your left
hand at various noints :A’the coil, and you can sce
the validity of this-rule.

Exercises (013): ‘

1. What condition must exist for a magnetic field to
be created around a wire conductor?

2. Doespolarity exist in the magnetic field of a
straight conductor? If not, what can bg.done to
create a north and a south pole within the
magnetic field? -

el

3. Where are the north and soiith poles located with

respect to a current-carrying coil?

»

4, What determines the direction of travel of the
magnetic lines of forcé around a conductor?

-

-
.

5. Ekplain the left-hand rule for determining the
direction of travel of the lines of force around a
conductor?

L]

014, List the three factors influencing the magnetic
strength of a coil, and in each case explain the
relationship’between the influential factor and'the
magnetic strength.

Factors influencing the magnetic strength of a
coil. When a conductor is wound into a coil, the
lines of force around each loop combine with those
from other loops to form one magnetic field. It
follows that the more loops or turns per unit area—
or we can say the more turns per inch—thestronger
the field.

As the current through the conductor increases,
so does the number of lines of force around the
conductor; consequently, a higher current also
produces a stronger magnetic field.

Another factor that influences the magnetic
strength of a coil is the insertion of an iron core in
the center of the coil. The iron core affects the
magnetic strength for two reasons: (1)the coreitself
becomes magnetizied, and its magnetic strength is
added to that of the coiland (2) thecore providesan
casier- pathway fdr the lines of force to travel; thus
the lines of forgagoncentrate themselves within the
core. Soft iron 1s usually used as core material
because it has a high permeability, which
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Figure 1-19. Left-hand rule for determining the direction of lines of force around a conductor.

determines the ability of a material to canduct ot
concentrate lines of force. (NOTE: Soft iron also
has low retentivity. Retentivity is a characteristic
that determines the ability of a subsLancc to remain
magnctizcd after the current is turned off. Low
retentivity is necessary :or precise control of an
electromagnetic f' eld.) .

Exercises (014):

In exercises 1 through 3 below, list three factors
influencing the magnetic strength of a coil. After
each factor, explain how it affects the magnetic
strength,

015. Given statements pertaining to the centeting
effect of an iron core within a current-carrying coil
and its spplications, indicate which are true and

-

which are false. If you indicate “faise,” explain your
ansyer.

Iron core centering effect. The iron core we have
discussed is useful in the construction of various
electrical devices. Its usefulness is attributed partly
to a phenomenon known as the “centering éffect.”
Due to this phenomenon, an iron core, when
inserted into a current-carrying coil, automatically
centers itself to the lgngth of the coil. Also, if the
core is suspended off center'inside a coil without
current, the core will center jtself if current is
applied to the coil. The centering effect is used in
several electrical applications, such as solenoids,
magnetic locks, and circuit breakers.

Exercises (015):

indicate whether the following statements are true
or false. If you indicate “false,” explainyour answer.

T F 1. Dueto thecentering effect, ifaniron core is
suspended within a coil without current,
the core automatically centers itself to the
length of the coil. |

-
~ 0
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T F 2. The centering effect is used in the
construction of magnetic locks, circuit
breakers, and solenoids.

016. QSme a characteristic and an application of an
electromagnet and the principle of relay operation.

Electromagnets and relays. If an iron core is
installed 1n a fixed position within a coil, the device
is known as an electromagnet. A frequent use of an
electromagnet is in a relay. While relays are of many
different sizes and shapes, they all operate on the
principle that an electromagnet attracts magnetic
substanges (usually iron), Let’s examine the parts of
a simple relay and a simple relay-controlled circuit.

Figure 1-20 shows the parts of a relay: (1) an
insulated coil of wire wrapped around an iron core
and (2) a pivoting iron bar. When current -is
introduced into the coil, a magnetic field is created,
represented by the broken lines. This attracts the
pivoting bar. The iron bar can be used to close or
open a circuit; consequently, a relay can be
normally open or normally closed.

A relay can also be used to remotely control a
neighboring circuit, such as the one seen infigure 1-
21. Whensthe switch is closed in the relay circuit, a
magnetic field is created, which is represented by the
broken lines. The iron bar in the adjacent circuit is

.attracted to the iron core and closes the adjacent

circuit. If the switch is then opened in the relay

2/

circuit, the magnetic field around the coil collapses,
allowing the spring to open the adjacent circuit.

Exercises (016):

In the exercises below, fill in each blank space with
one or two words, as appropriate.

IRON BAR "
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Figure 1-20. The parts of a relay.
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I The iron core in an electromagnet is in a
position within the coil.
A major use of an electromagnet is in a

)

3 The principle of operation for a relay is that an
electromagnet attracts sub-
stances.

4 Ina relay the contacts are closed or opened due
to the attraction between the and
the iron bar.

5. If a relay-controlled adjacent circuit is closed
when current is flowing in the coil of the
electromagnet, the adjacent circuit is

by action.

017. Explain the operation of moving coil meters.

Moving coil meters. We now turn our attention to
meters and meter movements, although we are still
actually discussing electromagnetism. since it is this
effect of current flow upen which most meter
operations arc based. (NOTE: Other effects of
electricity are used to detect the presence oramount
of electricity; however, our discussion is limited to
meter operation based upon the electromagnetic
effect.) The most common type of meier movement
is the permanént-magnet, moving-coil movement,
used in the d’Arsonval meter (fig. 1-22).

Basically, the operation of the meter is as follows:
Direct current is introduced into several turns of

SCALE
; PERMANENT MAGNET
AN \

copper wire wound around the moving coil. The
current produces a magnetic field around the coil,
which reacts with the magnetic field formed by the
permanent magnet. The coil, which has become an
clectromagnet, turns on its axis as its poles attempt
to repel like poles of the permanent maghet. An
indicating needle mounted on the coil reads the
degrees of rotation on the scale. The more current
that passes through the coil, the greater is the
repulsion or needle deflection, and thus the higher
the reading on the scale.

Meters - with permanet-magnet; moving-coil
movement are used in X-ray machines to measure
such values as line voltage, kVp, mA, and mAs.

Exercises (017):

1. On what electrical current effect are most meter
operations based?

2. What is the most frequent type of meter
movement?

3. List the types of magnets in the d’Arsonval
meter.
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8. THE PERMANENT-MAGNET-MOVING.COIL MECHANISM

Figure 1-22. A d'Arsonval meter.
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4. What causes the moving coil to rotate in a
d'Arsonval meter?

018. Compare electron movement in alternating
~urrent to electron movenient in direct current.

Alternating Current Characteristics. Up to this
point in this chapter, our discussions of current fiow
have been related (o direct current, where electrons
continuously flow in one direciion through a circuit.
Electron movement in alternating current (AC), on
the other hand, is bidirectional; that is, electrons
move first in one direction and then reverse

Yemselves and move in the opposite direction.
Keep in mind as you study AC that the electronssstill
move from negative to positive just as they doin GC
since polarity also constantly changes.

Exercises (018):

Match the type of current in column B with the
description of electron movement in column A by
placing the letter of the column B item in the
appropriate space in column A. Each column B item
may be used once or more than once. Also, both
column B items may matcha single column A item.

Column A~ Column B

1 Electrons only move from a. AC.
negative to positive. b DC.

2 Electron movement
constantly changes
directicns.

—3. In a given circuit, electrons
move through the wire
conductor in the same
direction.

0le e

Negative Alternation

019. Cite salient characteristics of 60-cycle AC.

The characteristics ol AL can best be understood
by referring to a sine wave, as shown in figure 1-23,
A sine wave shows the relative values of voltageand
current plotted against time through 360°.
Beginning with the horizontal line representing zero
or no current flow, AC gradually increases in
magnitude (voltage and current values) until a peak
is reached. Thé peak values represent the maximum
amplitude of the sine wave and are the maximum
voltage and current in the circuit. For example, in
an 110-volt circuit drawing S amps, those valuesare
reached at that particular point in time thatisalsoat
90° on a 360° scale. Before these “peak™ values are
reached, the voltage and current values gradually
increase, beginning with zero. Once the peak values
are reached, AC gradually decreases in value until
zero on the sine wave, or no current flow, is reached.
This second zero value is reached at 180° on a 360°
scale. From this point, AC again increases in
magnitude, but below the zeroreferenceline, untila
peak or maximum amplitude is reached and then
once again decreases to zero, as shown in figure 1-
23. This swing of the sine wave, however, represents
a .everse in polarity or current flowing in the
opposite direction from that above the zero
reference line.

That portion of the sine wave above the zero
reference line is known as the positive alternation or
positive amplitude, and that portion below the
reference line is known as the negative alternation
or negative amplitude. These alternations are also
referred to as.impulses, or pulses. Two consecutivé
alternations are known as a cycle. As stated before,
the sine wave represents AC values plotted against

Positive Alternation

360° 1760 SEC

.

270

Figure 1-23. An AC sine wave.
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time. In the case of 110-volt household current,
there are 60 cycles per second. This means that 60
cycles or 120 alternations occur in | second. The
number of cycles occurring in asecond is referred to
as the AC frequency. For our purposes in this CDC,
we will deal mostly with 60<ycle AC, although
much higher frequencies are used 1n other fields.

Exercises (019):

«

1. At what point in time during a cycle does the
polarity of 60cycle AC change?

2. During an AC cycle, is current continuously
- flowing in one direction or amrother? Explain.

3. How long does it take for 60-cycle AC to build
from zero to the maximum current and voltage

values?
4. How many alternations occur it one cycle?

5. How many pulses occur 1n one-half cycle?

MOVEMENT

CONDUCTOR

6. What is AC frequency?

020. Define electromagnetic induction and answer
key questions pertaining to the methods of inducing
EMF in a conductor. *

Electromagnetic Induction. If a conductor is
moved through a magnetic field and cuts the lines of
force or flux, as illustrated in figure 1-24,A, an EMF
is induced in the conductor. By the same token, if
the conductor is stationary and the magnet moves,
as illustrated in figure 1-24,B, an EMF is also
induced in the conductor. This process of producing
an EMF from the re'ative motion between a
conductor and magnetic field .is called
electromagnetic induction. Accordingly, there are
three requirements for electromagnetic induction:
(1) a conductor, (2) a magnetic field,and (3) relative
motion. .

The magnitude of the induced EMF depends
upon the number of lines of force cut per unit time;
the greater this number, the higher the induced
EMF. Two ways of increasing the induced EMF
are: (1) to increase the relative motion or speed at
which the lines of force are cut and (2) to increase
the strength of the magnetic field. The magnitude of
the induced EMF also depends upon the number of
conductors in which the EMF is induced; the more
conductors—or as we shall see when we discuss
transformers, the more turns in a coil—the higher
the induced EMF.

MOVEMENT

CONDUCTOR

Figure 1-24. Electromagnetic induction.
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Lxercises (020):

I Define electromagnetic induction.

i

2. What are the three
* . electromagnetic induction?

requirements for

3. Explain the relationship between the magnitude
of the induced EMF and therelative motion and
strength of the magnetic field.

4. Explain the relationship between the magnitude
of induced EMF and number of conductors in
which the EMF is induced.

-
’

021. Given a list of statements pertaining to self-
induction and mutual induction, indicate which are
true and which are false. If you indicate “false,”
explain your answer.

Self-induction. Now that we have reviewed some
basic information about electromagnetic induction,
let's see how we can induce an EMF or currentina
conductor without moving the conductor or the
magnet. Refer to figure 1-25. Detail A shows a
conductor formed into a coil, and detail Bshows an
AC sinc wave. When the current in the coil
corresponds to zero in detail B, there is actually no
current present in the coil. From zero to one, the
currentis increasing in the direction indicated by the
arrows on the coil. You will recall that when we have
current in a conductor, we have a magnetic field
around the conductor. We have shown the field at
only two points in the coil, although it is actually
present all along the conductor. Now you can see
that we have two of the three requirements for
induction: (1) a conductor, and (2)a magnetic ficld.

Now let's see where the relative motion comes
from. As the current increases during the interval
from zero to one, the magnetic ficld increases in
strength and expands to a point where it cuts the
conductor in other loops, as shown in detail C of the
figure. As the AC decreases from maximum to zero
during the interval of one to two in detail B, the
magnetic ficld decreases in strength. As the field
decreases, it cuts the loops in the oppaosite dir=ction.
This expansion and collapse of the magnetic field,
which 1s a result of the increasing and decreasing AC
values, in part provides the relative motion
necessary to induce EMF or current into the other
loops of the conductor. The.change in direction of

19

AC current {low also changes the directions of the
magnetic  ficld, providing  additional | relative
motion. When the magnetic field of a coil induces
current into the coil itself, the process is known as
self-induction.

Mutual induction. Mutualinductionis defined as
the pro of introducing current or voltage in a
circui”by varying the current or voltage in a
neighboring circuit. Figure 1-26 shows an AC
generator furnishing power to coil a. Coil b is not
clectrically connected to coil b. As the expanding
and collapsing magnetic field around coil a cuts the
loops of coil b, current or voltage is introduced into
coil b. Again notice the three requirements for
induction with the relative motion resulting from
the expanding and collapsing magnetic field. .

Exercises (021):

Indicate whether the following statements are true
or false. If you indicate “false,” explain your answer.
b

T F 1. During self-induction, relative motion
results in part from increasing and
decreasing AC values.

T F 2. Self-induction and mutual induction both
make use of an<expanding and collapsing
magnetic field.

T F 3. Mutual induction occurs only if one coil is
located within the magnetic field of another
coil.

022. Define transformer action; and given data
pertaining to two transformers—turne:ratio, input
volage, and input cusTent—determine the output
values of each transformer.

Traneformers. This section is actually a
continuation of the discussion of clectromagnetic
induction, since a transformer is an electrical device
that operates on the principle of mutual induction.
First, let’s define “transformer action.”
Transformer action is the process of transferring
electrical energy from one circuit to another by
clectromagnetic induction.

Step-up and step-down (transformers. A
transformer that increases the voltage is called a
step-up transformer; whereas, one which decreases
the voltage is called a step-down transformer. The
factor that determines whether a transformer steps
up or steps down the voltage is the turns ratio.
“Turns ratio” is defined as the ratio of the number of
turns in the primary winding (first coil) to the
number of turns in the secondary winding
(secondary coil). For example, the turns ratio of the
transformer shown in figure 1-27, detail A, is5to 1,
?nd t‘:m of the transformer in figure 1-27, detail B, is

to 4.
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Figure 1-26. Mutual induction.

Now let's consider transformer actions. What
effect does the turns ratio have on the transformer
output? The ratio of the transformer input to the
output 15 the same as the turns ratio, provided the
transformer is 100 percent cfficient. (NOTE:
Transformers are not 100 percent efficient, but for
ease of calculation-we-will consider them to be.) In
other words, an input of 10 volts applied to the
primary of the transformer in detail A, will induce 2
volts in the secondary. Therefore, this is an cxample
of a step-down transformer. Contrariwisc, an input
of 10 volts applied to the primary of the transformer
shown in detail B will result in an output of 40 volts
from the secondary. So detail B is an example of a
step-up transformer. No matter what voltage we
apply to the primary of the transformer in detail A,
the output is one-fifth of the input (assuming we
stay within the voltage limits of the transformer).

A

27

With the transformer shown in detail B, théutpui
is four times the input. This shows that the turns
ratio determines the step-up or step-down ratio ofa

* transformer.

Now, let's sec what happens to the current, We
find that a transformer that increases the voltage by
a given ratio decreases the current by the same ratio.
In other words, if we apply 10 voltsat 10 ampsto the
primary of a | to 10 step-up transformer, as shown
in figure 1-28, detail A, the voltage in the secondary
will be 100 volts and the current will be 1 amp. Ifthe
transformer is a step-down transformer, asshown in
figure 1-28, detail B, the current in the secondary
will be increased by the samg ratio that the voltage is
decreased.

Exercises (022):

1. Define “transformer action.”

2. What 1s the output voltage and amperage froma
transformer using the following information:
Input voltage - 110 volts; input amperage - 5
amps; transformer ratio - 10 to 1?

3, What is the output voltage and amperage froma
transformer using the vollowing information:
Input voltage - 220 volts; input amperage - 3
amps; transformer ratio - 1 to 3? .

023. State the purpose and basic operation of an
avtotransformer and explain “red-lining.”

10 TURNS |
PRIMARY 2 TURNS
. PRIMARY | . .
| e e o
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— N\ "
D
SECONDARY d Py
2 TURNS
SECONDARY
8 TURNS
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Figure 1.27 Transformer turns fato.
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turns that are not connectedrdirectly to the line in VOLTS

the same way that voltage is induced in the
secondary coil of a conventional transformer.In

fact, the section across which the line voltage is {
applied is called the primary, and the balance of the

winding is called the secondary.

“ —9 @
. » g
10V 10V
10A d\\ . C——-—-——D 100V 100V <\> 10A
»
*—— . 1A 1A q
\
»J
——‘ ‘_—_
A B
A STEP.UP 8. STEP.DOWN
Figure 1-28. Transformer turns ratio.
Autotransformers. As a radiologic technologist,
you are concerned with three transformers. By now »
you are familiar with the step-up and step-down Bz‘
transformers. The third type. and probably the most s
important one to you, is the autotransformer. The e
autotransformer is the most commonly used and 9
most efficient method of varying the kilovoltage g
output of the high tension transformer in the X-ray 5 SELECTOR
machine. Consider for a moment a transformer bl -0
consisting of one continuous winding on a long, 2 2
laminated iron core. When voltage is applied across 3 outrut
only one section of it, voltage will be induced in the S vours
(%3
z
-
p=)
[
o
wy

v

Figure 1-29 Autotransformer circuit—constant volts per turn.

If the voltage is measured across various sections
of a typical autotransformer, a situation like that in
figure 1-29 may be present. A series of taps or

connections to the different turns provides a ) AUTO ~ TRANSFORMER
convenient method of getting a wide variety of VOLTS PER TUSN
. voltages to apply to the primary of the high tension
transformer. In the circuit shown in figure 1-29 (this )
circuit has a constant number of volts per turn), the SELECTOR =
following voltages could be acquired by setting the
selector switch on the various taps: o—
) ® Tap #1—350 volts. f
® Tap #2—100 volts. INPUT 100
. TaS #3—150 volts. vours 50— 100 woLTS
® Tap #4--200 volts.
The same results can be obtained by connecting ‘
the line to a number of selected taps and leaving the J

output connected to a given pair of taps, as in figure

1-30. In actuality, autotransformers are usually Figure 1 30. Autotransformer circurt  variable volts per turn.
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provided with many taps in the primary as well as
the secondary circuit, with the result that you have
an almost unlimited choice of voltage outputs. The
autotransformer becomes in this way the basic
regulatory source of all the supply voltages needed
for operating the many components of the X-ray
generator. ’

If you will look at figure 1-31, you will see that
one side of the supply line is connected through a
line voltage compensator control. You adjust this
control on your X-ray control panel to obtain a
predetermined reading on the line voltage indicator
or line voltage compensator meter. This meter,
sometimes ‘referred to as a “red-line meter” (the
process of adjusting the line voltage compensator is
sometimes referred to as “red-lining the machine”)
s connected across a few turns® on the
autotransformer and is an indication of the volts per
turn in the transformer. When this meter is correctly
adjusted, you are assured that the output of the
autotransformer will always be the same between a
given set of taps, regardless of the line voltages. If
your machine is not red-lined, your exposure will be
lighter or darker than normal, since voltage across
the X-ray tube is not consistent with the setting on
vour control panel.

This compensated: voltage is picked off by the
major and minor kVp selectors (which you adjust
on the X-ray machine control panel)and supplied to
the primary of the high tension transformer. In
figure 1-31 the sclector marked MAJOR is
connected to a series of taps, between which there
are relatively large differences in voltage. The
selector marked MINOR gives you small voltage

LINE VOLTAGE

COMPENSATOR \

changes. Usually there are 10 steps on the minor
selector that give you the same change in voltage as
going from one step to the next on the major

selector. With a combination of 10 major and 10
minor steps you can get 100 different output

.voltages.

Exercises (023): -

I. Why is an autotransformer used in an X-ray
machine?

2. What is meant by “red-lining” a machine?

3. If an X-ray machine is not red-lined, how and
why is the film exposure affected?

What parts of the autotransformer should be
adjusted to control the voltage supplied to the
high tension transformer, and on which side of
the autotransformer are they located?

024. Given a list of waveforms across various X-ray
tubes, match each with related factors, such as AC
power, type of rectification, X-ray production, and
use of negative alternations.

MAJOR
——O— B &— —— - —
LINE VOLTAGE
COMPENSATOR METER v
. N,
LINE
\ /1/
e
XR
MINOR
-
F——a HT

Figure 1-31 Autotransfornter cireuit—dual selectors.
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Rectification. Rectification is the process of
converting AC" power to pulsating DC. This
conversion is necessary in the X-ray machine
because X-ray tubes are designed to operate on
pulsating DC Our discussion of rectification is
based on the resulting waveforms across the X-ray
tube. We will consider the waveforms from two
aspects —single-phase and three-phase X-ray
generators.

First of all, let’s briefly review single-phase and
three-phase AC. You will recall our discussion of
the AC sine wave when we discussed the wave
representing the AC voltage and current values. The
sine wave of 60-cycle AC consists of a single wave
that occurs during 1, 60 second or one cycle. That
type of AC is called single-phase AC, and an X-ray
machine operating from single-phase AC is called a
single-phase generator. Three-phase AC, on the
other hand. consists of three sine waves per cycle
separated by 120°, as shown in figure 1-32, which
also shows a comparison with single-phase AC. An
X-ray machine designed to operate on three-phase
AC is called a three-phase generator.

You will also recall that the sine waves helow the
zero reference line (negative alternations) represent
current flowing in the opposite direction fromthose
above the line. Rectification consists of rerouting
these negative alternations so that they travel in the
same direction as the positive alternations, or in the
case of older, small-capacity, single-phase
generators, the negative alternation is ehminated
altogether.

Single-phase waveforms. As previously
mentioned, rectification in some of the older X-ray
machines, mostly portable units operating on
single-phase  AC, consists of eliminating the
negative alternation These are either self-rectified
or half-wave rectified units. The resulting waveform
across the X-ray tube, referred to as one-puise, is

1/120SEC

180
=

SINGLE - PHASE AC

VOLTAGE —

1760 SEC  360°

shown in ﬁgure 1-33. You can see from the figure
that voltage is only applied across the X-ray tube
for half of a given time period. For example; during
a period of 1/60 second, voitage occurs for 1/ 120
second. During the other 1/ 120 second, there is no
voltage and no X-ray production.

Atwo- pulsc waveform, also shownin ﬁgurc 1-33,
is produced in a single-phase generator, using full-
wave, bridge rectification. Many old, as well as new,
X-rav taachines use full-wave rectification. With
this 1ype of rectification, the negative alternation is
rerouted in the same direction as the positive
alternation, and this produces two pulses per cycle
across the X-ray tube. In comparison with a one-
pulse waveform, the two-pulse produces twice as
much radiation in a given time period if all other
factors are equal.

Three-phase waveforms. A three-phase X-ray
generator produces either six pulses or twelve pulses
per cycle across the X-ray tube, depending upon the
type of transformer. Both of these are illustrated in
figure 1-33. If a three-phase generator produces a
six-pulse waveform, the negative alternations are
redirected in the same direction as the positive
alternations. In the case of a six-pulse waveform,
the negative alternations are redirected and in case
of twelve-pulses, the six-pulses are doubled by
means of a special transformer that produces a
phase shift in the secondary winding, This resultsin
an additional §ix puizes of current when rectified —
three more positive and three more negative pulses
across the X-ray tube, all in the same direction.

L]

Exercises (024): ’

Match the wavefo:m in column B with the

appropriate response in column A by placing the
letter of the column B item in the space provided in
column A. Each column B item may be used once or

VOLTAGE —>

_1/60 SEC  360°

[ A

1/120SEC
807

TIME —

THREE -PHASE AC

Livine 132 Single phase and thiee-phase \C .
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Figure 1-33. Comparison of waveforms produced by different types of rectification.

more than once. In addition, two or more column B
items may match a single column A entry.

Column A Column B
1 Single-phase AC. a. One-pulse.
__ 2 Sclf-rectification. b. Two-pulse.
—— ) Three-phase AC. c. Six-pulse.
"3 Produces X-rays only half of 2 d. Twelve-pulsc.

given time period.

___ S Three negatwve alternations per
cycle are directed across the X-
ray tube.

— 6. X-ray production is twice that
of onec-pulse for a given time
period.

——7 Negatve alternation is
chiminated.

' __§ Six negative alternations per

cycle are directed across the X-
ray tube.

025. Relate average electron energies to X-ray tube
waveforms,

Effect of waveform on average electron energy.
Look again at figure 1-33 and notice the voltage
rinple for the four voltage patterns. As you can see,

VOLIAGE — VOLTAGE e VOLIAGE —a

VOLTAGE —t
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it is 100 percent for bne-and two-pulse, 13,5 percent
for six-pulse, and only 3.4 percent for twelve-pulse.
Voltage ripple, As you have probably already
determined from the figure, is the difference
between the peak voltage and the minimum voltage
of each pulse; To put this in perspective, refer to
figure 1-34, which shows a wave pattern produced in
a single-phdse, two-pulse generator and another
produced in a three-phase, twelve-pulse generator.
With the two-pulse wave, tlic voltage rises to a pgak
and then falls to zero (100 percent ripple). This rise
and fall of the voltage causes the speed of the
clectrons across the X-ray tube, an important factor
in X-ray . production, to vary accordingly.
Consequently, if 100 kVp is applied to the X-ray
tube, the kinetic energy of the electrons theoretically
ranges from zero when the voltage is at zero, to 100
keV when the voltage value is at its peak. As you
know, keV, stands for ki otlectron volts and is a
unit of energy. The twelve-pulse wave from a three-
phase gnerator does not drop to zero. As stated
carlier, it only drops 3.4 percent below peak value.
As a result, the kinetic energy of the electrons only
drops 3.4 percent below the peak kV value, Inother
words, the kinetic energy of the electrons (at 100
kVp) in a twelve-pulse systcm theoretically ranges
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MAXMIMUM EP;E'GY 100 xEv!
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TIME 1120 $EC

Fidure 1-34 Companison between clectron energies of 2-pulse
and 12-pulse waveforms.

from 96.6 keV to 100 keV. This means that the
average kinetic energy imparted to the electrons is
much higher in the twelve-pulse system than in the
two-puise system. Following this sam® line of
reasoning, you can sce that the average electron
energies of one-pulse and six-pulse waveforms also
vary according to the voltage ripple.

Exercises (025):

1. Explain the connection between waveform and
voltage ripple.

2. What important factor in the production of X-
rays does voltage ripple affect?

3. What type of generator produces the highest
average electron energies?

4. Compare the average elactron kinetic energies of
six-pulse and twelve-pulse waveforms.
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5. Compare the average electron kinetic energies of
one-pulse and six-pulse waveforms.

026. Relate electron energy to photon energy, and
compare the average photon energies and the beam-
penetrating power of single- and three-phase
generators.

Effect of average electron energy on photon
energy. We can determine the significance of the
higher average kinetic energy of the electrons by
eramining the effect of electron energy on photon
energy. When low-speed (low-energy) electrons
strike the target in an X-ray tube, their energies are
converted ecither into heat or into low-energy
photons. Consequently, since a single-phase
generator produces comparatively more low-energy
electrons, it also produces a greater proportion of
low-energy photons than does a three-phase
generator. The greater proportion means that the
average photon energy is less in a, single-phase
generator. Low-energy photons-from the target of
an X-ray tube are absorbed either by filtration or by
the patient. In either case. they usually serve no
useful purpose in diagnostic radiology since they do
not reach the film and contribute to the exposure.

The penetrating power or quality of a beam of X-
rays is governed by average photon energy; in a
three-phase beam the average photon energy is
greater than in single-phase, assuming that both
systems are operaged at equal peak kilovoltages.
Notice that the qualitative difference in the two
béams is in average photon energy. Both systems
do, in fact, produce low-energy photons. The
difference is in the proportion.

Exercises (026):

l. What is the relationship between electron energy
and photon energy?

o

How do the average photon energies of single-
phase and three-phase X-ray beams compare?

£y

3. What type of X-ray generator produces a more
penetrating beam of X-rays (assuming both are
operated at equal peak kilovoltages)?

027. Comnare the beam intensities of a single-
phase and a three-phase generator, and explain the
reason for the difference. , .

9 i
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Comparison of beam intensities between single-
phase and three-phase generators. The intensity of
an X-ray beam is greater with a three-phase
generator than with a single-phase system for a
given tube current. Therefore, the twelve-pulse
system produces a given amount of radiation in a
much shorter period of time than does the two-pulse
'system. Figure 1-35 shows two-pulse and twelve-
pulse waveforms. Notice that image-forming
radiation is only produced at certain times with two-
pulse. At other times, either no radiation at all is
produced (when the sine wave is at zero value) or
radiation is produced that has insufficient energy to

VOLTAGE

<
reach the film. The twelve-pulse wave continuously

produces image-forming radiation because of its’
near constant voltage level.

Exercises (027):

1. How does the intensity of an X-ray beam from a
single-phase generator compare to that of &
three-phase generator if both are operated at
equal tube current?

NON-

VOLTAGE ————%

; P
n |
| |
I L
|
|
! ! | R}
i { |
| | |
) {
| TIME ; - '
| . ' : !
| IMAGE FORMING | | IMAGE FORMING | |
RADIATION | A |

RADIATION

IMAGE

FORMING RADIATION

]
| TIME e
| . )
! . |
i . ; - ' . ', 1
* l 4 s Ll \ l
| <—————— IMAGE FORMING RADIATION —
Figure 1-35. Comparison of time periods of smg?c-phasc and lhree-phas'e when tmage forming radiation is
. produced. .
4
. - 27
¥ 2 X
Q . ”
MC LV

33




2. Why 1s there a difference between the beam
intensities as described in exercise #1 above?

028. Convert thekYp used on a three-phase unit for
use on & single-phase unit, and explain why the
conversion is made with the kVp.

Techinque conversion facior between single- and
three-phase generators. The average energy level of
the beam of radiation produced by a three-phase
unit is higher than that produced by a single-phase
unit when both are adjusted for the same peak kV.
Therefore, to produce radiographs with the same
general scale of contrast, it is necessary to use higher
kVp with the smglc phase unit. For a given mA
station, it requires approximately twice as much
exposure time for a single-phase unit as for a three-
phase (twelve-pulse) unit. Therefore, it is more
logical to make the technique compensation with
kVp rather than with mAs. Increasing the (single-
phase) kVp by 15 percent increases the average
energy of the beam to a point where the single-phase
unit produces radiographs of approximately the
same scale of contrast (and density) as those
produced by the three-phase unit, using the same
mA and time (mAs) factors. In addition, the
increase in kVp tends to keep the absorbed dose of
the patient to a minimum.

Exercises (028):

« 1f 92 kVp is used for an exposure on a three-
phase unit, what kVpshould be used for the same
exposure on a smglc~phasc unit (assuming all
other factors are equal)?

-

ta

. Why is the exposure conversion in exercise #1
above made with the kVp rather than with some
other exposure factor?

029. Compare the X-ray tube capacity for a single-
phase and = three-phase generator.

Comparison of X-ray tube capacities between
single- and three-phase generators. X-ray tube
capacity is greater in a three-phase system for short
exposures. One reason for the increased tube
capacity is that the heat is spread over a largerarea
on the target. Figure 1-36 shows two rotating
fargets. Assume that cach is subjcctcd to an
exposure of 1,60 second. Target A is exposed by a
single-phase, two-pulsc system, while target B is
exposed by a three-phase, twelve-pulse system,
Target A shows two “hot spots” which correspond
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to the peak of the two pulses produced at 1/60
second. Therefore, the point heat buildup at these
“hot spots™ determines the maximum capacity of
the tube on a short exposure. Target B, onthe other
hand, shows no “hot spots” due to point heat
buildup. The absence of the “hot spots” results in a
more even thermal load. Infhis manner the anode
disk is fully exploited {6t X-ray production. The
increased thermal capacity for X-ray tubes operated
on three-phase is increased only for exposures less
than one-half second .From one-half to | second,
the ratings are approx\matety the same as for single-
phase. Above | second, the ratings are usually
greater for X-ray tubes‘pperated on single-phase.

Exercises (029):

N

. For exposures less than one-half second, an X-
ray tube operated with what type of generator
will have greater capacity? Why?

How do single- and three-phase tube capacitics
compare for exposures of one-half to | second? .

.~

How do single- and three-phase tube ~apacities
compare for exposures greater than | second?

1-2. X-Ray Tubes

X-ray tubes have undergone considerable change
in the past few years. Some of the changes include
smaller focal spots, higher capacity, and shorter
exposure times. In this section we will discuss these
and other aspects of X-ray tubes, as well as tube-
rating charts. We will also provide a brief review of
the parts of an X-ray tube.

030. Show the influence of the X-ray tubg\jathode
an overall tube operation, )

Tube Considerations. Qur discussion of the X-.~
ray tube itself begins with the cathode. With newer
X-ray tubes, the cathode is becoming more and
more importaft in overall tube operation..

The cathodeé. The cathode consists of the filament
inclosed in a’molybdenum or nickel alloy focusing
cup. The purpose of the focusing cup is to*aim” the
clectrons at a specific area on the anode. The
filament, when heated to incandescence, is the
source of free electrons that interact with the tube
target to produce X-radiation. As the filament
becomes heated, freed clectrons form a cloud
around the filament (this is known as thermionic
emission). The length of the filament, along with the

"\
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Figure 1-36. Companson of pont heat buildup between single- and three-phase generators.

size and shape of the focusing cup. influences the
size of the focal spot. Most X-ray tubes have two
filaments and therefore two focal spots. -One
filament 1s large or long, and the otheris small. This
arrangement increases the capabilities of the X-ray
tube. The small focal spot is designed to give
maximum detail, but its operating time is limited
because of the great amount of heat that is
generated in the small area of the target when high
techniques are used. Therefore, to spread the heat
over a larger area, a large filament is included. This
large filament allows you to increase the tech niques
within certain limits, yet not damage the target
through overheating. When the large focal spot is
used, the heat spreads over a larger surface area of
the target and is dissipated at a faster rate than when
the small focal spot is used.

An X-ray tube filament is made of tungsten, and
the life of the filament is determined in part by the
length of time it is maintained in a “boost”
condition. By “boost,” we mean the short period of
time before exposure when the filament is heated to
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the required emission temperature. The boost
condition begins when you depress the STAND-BY
or ROTOR button of your exposure switch. The
condition also automatically begins when you
depress the EXPOSURE button. The tendency of
tungsten to vaporize at high temperatures, with the
resultant deposit of the vaporized tungsten on the
glass wall of the tube, causes erratic tube operation
and eventual permanent damage. For this reason, it
is obvious that you should not use the STAND-BY
button unless absolutely necessary and then use it
orly for a short time.

Exercises (030):

I. What 1s the purpose of the focusing cup in an X-
ray tube?
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. From what part of the cathode are the free
clectrons emitted?

3. What filament characteristic affects the size of
the focal spot?

4. If your exposure for a particular radiograph is
relatively high, which tube filament would you
probably be using?

5. Explain the “boost" condition.

6 What action should you take to prevent
vaporization of the filament?

031. Answer key questions pertaining to the X-ray
tube anode.

The anode. The X-ray tube anode contains the
target in which the electrons interact with thetarget
material to produce X-radiation. The anode is
positively charged with respect to the cathode and
thereby provides the difference in potential
necessary to set the free electrons in rapid motion.
The target itself is usually made of tungsten
although some of the newer targets are constructed
of a rhenium-tungsten alloy that makes them more
resistant to surface etching at high temperatures.
Tungsten is used because of 1ts high melting point
and high atomic number.

The actual focal spot is that area of the target
bombarded by the electrons (see fig. 1-37). Its size
significantly affects the heat-loading capacity—the
larger it is, the greater the heat-loading capacity. Its
size is determined in part by a combination of three
factors: the size and shape of the filament, the size
and shape of the focusing cup, and the angle of the
target surface. The effective focal spot is the focal
spot as it appears from directly beneath the tube at
right angles to the electron stream (see fig. 1-37). Its
size 15 very important because it significantly affects
the detail on a radiograph. (Focal spot size and
detail are discussed at length.in Chapter 2.) The size
of the effective focal spot 1s determined in part by
the size of the actual focal spot and the angle of the
target surface,

As you can see from the previous paragraph, for
maximum effectiveness we need an X-ray tube with
an actual focal spot large enough to permit the
necessary heat loading and an effective focal spot

C

Aruitoxt provided by Eic:

30

FOCUSING cup

ACTUAL FOCAL SPOT amm )

EFFECTIVE FOCAL SPOT  ~——"Ngmm)

Figure .37, Actual and effective focal spots.

small enough to produce optimum detail. This is
accomplished in part by the application of the /ine
Jocus principle. For the purpose of line focus, the X-
ray tube is designed so that the electrons bombard a
rectangular area on the target surface. A specific
target angle then produces an effective focal spot
that is approximately square and much smaller than
the actual focal spot. Figure 1-38 shows two
different targets with angles of 20° and 40°. As you
cansee, both targets produce effective focal spots of
equal size, but the actual focal spot at 20° is larger.
Consequently, the 20° target produces a relatively
large actual and a relatively small effective focal
spot.

In actual practice, targets are usually angled less
than 20°, some as little as 7°, which further aids in
obtaining high heat loading and optimum detail.
However, targets with small angles may create a
problem that is not significant with larger angles.
The problem is in the area of X-ray coverage, or, put
another way, the area that the X-ray beam will

s N

20° 40°

Figure | 38 Comparison ot focal spots of different target
angles
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cover, For example, a target with.a 10° angle ata 40-
inch FFD covers only a 14-incli-square area, and a
7¢ angle only covers a 9.5-inch-square field.
Ob»iouslyéﬁcsc tubes cannot be used to radiograph
an AP abdomen at 40 inches since the beam will not
cover the entire abdomen. Tubes of this type can be
used effectively, however, where X-ray coverage is
not so critical as is the requirement for good detail,
as in an angiographic room, where the beam will
cover smaller films in automatic film changers, A
12° target is the smallest angle that adequately
covers a 14- by 17-inch film at a 40-inch FFD.

One recent development in tube focal spots is a
biased focal spot. Due to the inherent design of X-
ray tubes. electrons striking the target have a
tendency to concentrdte on the outer sides, resulting
in more X-ray photons being produced at those
locations. In effect, this situation produces two
sources of X-ray photons, which may produce
double images on the film. The double image is
particularly a problem if small vessel magnification
radiographs are being performed. To overcome the
problem. a negative bias voltage is applied to the
cathode. which concentrates the electrons more in
one spot on the target, thus providing a single
source of X-ray photons.

Exercises (031):

1. What anode condstion causes the free electrons
to be set in motion?

2

. In what part of the X-ray tube are X-ray
photons produced?

3. Why 1s tungsten used as target material?

4 Of what significance is the actual focal spot”

S Name wo facturs which affect the size of the
effective focal spot.

.6 Explain the hne-focus principle.

3l
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7. Explain the relationship between target angle
and film coverage.

8. What is the smallest target angle that covers a 14-
by 17-inch film at a 40-inch FFD?

9. What type of focal spot is advantageous when
performing small vessel magnification
radiographs and why?

032. Give two advantages of a grid-controlled X-
ray tube, and explain the factors that produce these
advantages.

Grid-controlled tube. To prevent relay damage
due to arcing, an X-ray exposure is normally
synchronized to the line voltage so that it beginsand
ends when the sine wave is at zero value. Using this
system iff a single-phase generator, the shortest
exposure possible is 1/120 second, since the sine
wave reaches zero value every 1, 120 second. Witha
grid-controlled tube, the exposure is also
synchronized with the line voltage, but it does not
necessarily begin and end at zero value. It can be
synchronized to a particular portion of the sine
wave. Figure 1-39 shows two waveforms with
exposures of 17120 second on a conventionally
timed tube and 1/360 second on a grid-controlled
tube. Since the conventional exposure should begin
and end at zero value, it must ciicompass one
complete pulse. On the other hand, the grid-
controlled exposure indicated here includes only the
middle third of the pulse. Even shorter exposures
are possible with grid-controlled tubes, and this
makes them desirable for examinations requiring
very short exposures. When a grid-controlled, short
exposure is used, as in figure 1-39, the radiation
dose to the patient is reduced. The reduction occurs
because the exposure can be short enough so that it
does not include the portions of the wave that only
produce low energy photons. The patient’s dose is
also reduced when a grid-controlied tube is used
with cinefluorography because X-rdy production
can be synchronized with the camera shutter. The
synchronization reduces patient exposure because
X-rays are only produced when theshutter is open.

Exercises (032):

In the exercises below, name two advantages of

-~
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Figure 1-39 Comparison of exposure times between
a conventtonal and grid-controlled tube,

using a grid-controlled X-ray tube and after cach,
explain why the advantage is realized.

033. Given selected exposure factors (mA, kVp,
and sec), calculate the number of heat units per
exposure,

Tube Rating Charts. How long will an X-ray tube
last? Primarily, this depends on how well you take
care of it. X-ray tubes are well constructed and
provide years of useful service if properly used.
When we say “properly used,” we mean operated
within the exposure limits that are established by
the manufacturer and that are expressed in tube-
rating charts. We will discuss several types of tube-
rating charts and how to use them after we have
reviewed the calculation of heat units.

Heat units. The maximum exposure limits for a
particular tube are based on the amount of heat
gencrated in the tube. This heat buildup is expressed
in heat units (H.U.). H.U. are the product of kVp X

A secan single-phase generators. The formulais
witen

H.U. =kVp X mA X sec

For example, the number of H.U. generatea by an
exposure of 75 kVp, 100 mA, and 1/2 sec is 3,750
since: '

H.U. =kVp X mA X sec

=75X 100X §/2
=17,500 X 1,2
=375

The number of H.U. generated by an exposure in
a three-phase generator is found by multiplying the
three previously mentioned exposure factors by
1.35. For example, to find the H.U., using 70 kVp,
100 mA, and 1/2 sec in a three-phase generator,
proceed as follows:

H.U. = KVp X mA X sec X 1.35
=70X 100X 1;2X 135
= 3,500 X 1,35
= 4.725

Exercises (033):

. Howmany H.U. are generated by a single-phase
generator, using 200 mA, 80 kVp,and 1/ 10 sec?

2, How many H.U. are generated by a three-phase
generator, using 300 mA, 1/20 sec, and 74kVp?

034. Given two different types of single-exposure,
tube-rating charts, determine: (1) themaximum mA
if thekVp and sec are given; (2) the maximum kVp if
mA and sec are given; (3) the maximum sec if mA
and kVp are given; and (4) whether or not three
exposures are safe.

Single-exposure rating chart. One type of single-
exposure, tube-rating chart is shown in figure 1-40.
It is used to prevent damage to the tube from a single
exposure and works as follows: Suppose you wish
to use 100 kVp and 1/5 sec for an exposureand you
want to find the maximum mA that can safely be
used with those factors. Find where the 100k Vpline
crosses the 1/5 sec line on the chart. From that
point, move horizontally to the left and check the
mA scale. In this case, it falls between 150 and 175
mA, which means the 150 mA station is the highest
that can be used with !00 kVp and 1/5 sec. Youcan
also find highest k vp or sec for a ~.ven exposure by
using the same procedure.

You can also check an exposure against the chart
to determine whether or not the exposure is safe.
For example, suppose you wish to use 125 mA. |
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k sec, and 100 kVp. Notice in figure 1-40 that 25 mA

1] < I intersects the 100 kVp line slightly to the right of |

NN N N 11 sec (between 1 and 2 sec). This tells you that using

sl I N \_| {9 these factors, an exposure time of a little more than

. \\\\\\\\ \qi 3 | sec is permitted; therefore, the exposure is safe,
AT ~

e \\\ N ’\ Another type of single-exposure, tube-rating

bRt RN chart is shown in figure 1-41. To find the maximum

2 ! \\\\ mA you can use, for example, 110kVp (PKV on the

FaL UK chart) and 0.1 sec, simply find 110 kVp on the left

\\\\ \ margin. Move horizontally to the 0.1 sec column,

1 AN X and read the maximum mA, which in this case is

NN 190. Use a similar procedure to determine the

» T 1 1 2 3 45L5m 8% maximum kVp or exposure time and to determine

¥E W TITT T whether or not an exposure is safe.

MAXIMUM EXPOSURE TIME IN SECONDS

Figure 1-40. Single-cxposure, tube-rating chart.

~

EXPOSURE TIME IN SECONDS

UP TO 0.01 0.02 0.05 0.1 0.2 0.5 1 2 H 10 20
PKY MAXIMUM CURRENT IN MA
50 220 220 220 220 220 220 220 220 220 220 170
60 270 270 270 270 270 270 270 ° 270 230 190 150
70 320 320 300 290 290 270 250 230 190 160 130
30 270 270 260 260 250 240 220 200 170 145 110
90 240 240 230 230 220 210 200 180 150 130 100
100 210 210 210 200 200 190 130 160 180 115 90
110 190 190 190 190 180 170 160 150 125 105 80
125 170 170 170 160 160 150 145 130 110 30 72
150 145 145 b0 10 135 130 120 110 95 75 60

Figure 1-41. Single-exposure, tube-rating chart.
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Exercises (034): .
. the tube-rating chart in figure 1-42. (PKV on the
Complete exercises | through 4, which arebasedon  chart is the same as kVp.)

350 <
1F3
. \ \\ TON
300 . _ ™ AN
\\\ \ 6‘0 ﬂ*"
m 250 \\\\ \ol’
[~4
o \\ R ’ A*" ‘\
2 200 \'\\ 04‘p \ \
= " — 19, 4 '
o \\ ;,oi'bﬂr Q‘\\\
= w0 A;Q\\\wi\
| NN
100 \§§\\ \
R
m .
11 1 11 1 1 2 3457510150
30 20 10 5 4 2

MAXIMUM EXPOSURE TIME IN SECONDS

Figure 142, Objective 034, exereises | through 3.

~

. What maximum mA station can safely be used 3. What maximum exposure time can safely be
with | 4 sec and 90 kVp? used with 200 mA and 110 kvp?

2. What maximum kVp can safely be used with2 4. Are the following exposures safe?
sec and 250 mA? a. 200 mA, 70 kVp, | sec.
b. 300 mA, 80 kVp, I 30 sec.
c. 100 mA, 100 kvp, 3 sec.

1.
‘(J
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Complete exercises 5 through 8, based on the tube-
rating chart in figure 1-43. (PKV on the chart is the
same as kVp.)

EXPOSURE TIME IN SECONDS

= UP 7O 0.01 0.02 0,05 0.1 0.2 0.5 1 2 S 10 20
PRV MAXIMUM CURRENT IN MA
50 220 220 220 220 220 220 220 210 190 160 140
60 210 210 210 200 200 190 130 180 160 140 115
70 180 180 180 170 170 170 160 150 135 120 100
80 160 160 150 150 150 150 145 135 120 105 85 )
90 140 140 140 140 135 130 125 120 105 95 75
100 130 130 125 125 125 120 1. 110 95 85 70
110 115 115 115 115 110 110 105 100 85 75 64
125 100 100 100 100 100 95 90 85 75 68 56
150 H] LH] 85 85 80 80 75 72 64 56 46

Figure 1-43. Objective 034, exercises 5 through 8.

5. What maximum mA can safely be used with 100 035. Given an angiographic rating chart and
kVp and 2 sec? various applicable exposure data, determine
whether or not the exposures are safe.

Angiographic rating chart. Figure 1-44 is an

6. What maximum kVp cansafely be used with 0.01 example of an angiographic rating chart designed to
sec and 100 mA? allow you to determine whether or not the total
number of exposures for an angiographic

examination exceeds the maximum limits of the

tube. S_upposc your radiologist desires to perform

7. What maximum exposure time can safely be 2N angogram and wants two exposures per second
used with 70 kVp and 180 mA? for 2 seconds, a total of four exposures. The
exposure factors are 1,000 mA, 1/10 sec, and 90
kVp. First, find the product of mA, sec, and kVp,
which is 9,000. Find two exposures per second on

.

8. Are the following exposures safe? the left margin of the chart; move across that
a. 150 kvp, 0.2 sec, 100 mA. column to 9,000 (the maximum load per exposure).
b. 60 kVp, 5 sec, 160 mA. Then move up to the total number of exposures,
c. 100 kVp, 0.01 sec, 160 mA. which in this case is two. This means that only two

exposures can be made—so the examination cannot
be performed under the described conditions.

TOTAL NUMBER OF EXPOSURES

2 S 10 20 30 40 50 60
EXPOS.
PER SEC MAXIMUM LOAD IN PKV X MA X SEC PER EXPOSURE (+)

16500 13800 11400 9000 7600 6400 5700 5000
9000 8doo 7000 5700 5000 4400 4000 3700
6200 5600 5000 4300 3800 3400 3200 3000

1
2
3
4 4800 4400 3800 3406 3100 2850 2650 2500
5 3900 3600 3300 2900 2650 2450 2300 2150
6 3200 3000 2800 2500 2300 2150 2000 1900
8
0
2

2500 2350 2200 2000 1850 1750 1650 1550

1 2050 1900 1300 1650 1550 1460 1380 1320
. 1 1700 1600 1550 16420 1320 1260 1200 1160
o
— Figure 1-44. Angiographic rating chart.
35
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Exercises (035):

Using the angiographic rating chart in figure 1-45,
determine whether or not each of the following
groups of exposure data can be used for an
angiogram.

TOTAL NUMBER OF EXPOSURES

2 H 10
EXPOS.
PER SEC
1 10800 9600 3400
2 5700 5200 4700
. 3 3800 3600 3300
4 2950 2800 2650
S 2400 2300 2150
6 2000 1300 1800
] 1500 1460 1400
10 1220 1180 1140
12 1020 1000 960

20
MAXIMUM LOAD IN PKV X MA X SEC

30 40 50 60
PER EXPOSURE (r)

7000 6000 5300 4200 4400
4100 3700 3400 3200 3000
3000 2800 2600 2450 2300
2400 #2200 2100 2000 1300
2000 1850 1750 1650 1600
1700 1600 1500 1460 1400
1320 1260 1200 1160 1120
1080 1040 1000 960 940

920 330 240 320 200

Figure 1-45. Objective 035, exercises § through 3.

1. 300 mA, 1. 30 sec, 120 kVp, eight exposures per
second for 5 seconds.

2. 500 mA, 1,20 sec, 80 kVp, four exposures per
second for 13 seconds.

3. 1000 mA, 1/10 sec, 96 kVp, one exposure per
second for 6 seconds.

036. Given two cooling charts (anode and housing)
and selected exposure data, answer key questions
pertaining to: (1) the correlation between the charts
and data and (2) the heat dissipation rate of the
charts.

Cooling charts. There are two types of cooling
charts: the anode-cooling chart and the housing-
cooling chart. The anode chart shows the maximum
number of H.U. the anode can store, and, the
housing chart shows the maximum number of H.U.
the tube housing can store. Both charts also show
the heat dissipation rate. Let’s see how to use the
charts, beginning with the anode-cooling chart.

Figure 1-46 shows an anode-cooling chart that
can store a maximum of 300,000 H.U. (a relatively
high capacity anode). Suppose that during an
angiogram or a cine examination the total H.U.
applied to the anode is 200,000, and it is necessary to
repeat the examination without significant delay. If
the examination were repeated immediately, there

36

would be a total of 400,000 H.U. generated by the
two examinations— 100,000 H.U. more than the
anode can store. In this case, to prevent damage to
the tube, you would have to allow the anode to cool
to 100,000 H.U. before the examination could be
repeated. Find the cooling time between
examinations by following the cooling curve from
200,000 H.U. to 100,000 H.U., which in figure 1-46
is about 5'% minutes. So this examination can be
repeated every 5% minutes.

The anode-cooling chart also tells you the
relationship between fluoroscopic time and anode
H.U. storage. For example, if the fluoroscopic kVp
is 100 and the mA is 2, the H.U. /sec input is 200.
According to figure 146, 200 H.U./sec only
subjects the anode to about 50,000 H.U. at the end
of 15 minutes of continuous fluoroscopic time,
allowing for the cooling that occurs during the 15
minutes. In figure 1-46, all of the H.U./sec inputs
except 1,200 are safe for indefinite fluoroscopy
because they do not subject the anode to the 300,000
H.U. maximum. The input of 1,200 H.U./sec,
however, can only be used for 15 minutes because at
that time, 300,000 H.U. are stored in the anode.
Additional fluoroscopy can then be performed after
an appropriate cooling time according to the
cooling curve, as described earlier.

The housing-cooling chart, shown in figure 1-47,
shows the maximum H.U. that can bestored in the
tube housing. Notice that the tube housing stores
more H.U. than the anode in figure 1-46 (both of
these charts are for the same tube). Also, notice that
the heat dissipation rate without the air circulator s
considerably less than that of the anode in figure 1-
46. To see the difference in the heat dissipation rate,
notice that the anode in figure 1-46 dissipates

J2.




ERIC

Aruitoxt provided by Eic:

300,000 T
280000pN\ + - ¢ i 1200 g
I | i //
W 260000f - ey
N AR = = ]
S 220000f---X ¢ e -
& 200,000 p—e=e - P 75 LSEC.INPUT
S ’ ¢ [] REAT V =
P - e
x 180,000 - -
S X/~
= 160,000 :
® . N 60d
o 140,000
r ' f \//
z 120,000} —-+ -7
~ 100,000}— e N 4
L. 4 i | g
w 80,000 |-— - .
60,000 i~~~ 4 e 20
40,000 |4 Aw —-p : -y
20,000 [ < - T~
' T €0-343430° | 0 :
00— 2 3 4 5 6 .7 8 9 10 1 12 13 14 15
TIME IN MINUTES
Figure 1-46. Anode cooling chart.
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Frgure 1-47. Housing cooling chart

300,000 H.U. 1n 15 minutes, while the tube housing
dissipaies only about 200,000 H.U. n 15 minutes
without the air circulator. This tells you that you
can operate your tube safely within-the limits of the
anode-cooling chart, yet, you may exceed the
maximum housing storage capacity. Let's look a
httle closer at such a situation.

Consider the 200,000 H.U. of the examination
discussed earlier. We decided that the examination
could be repeated every 5/2 munutes without
damage to the anode. If the examination were

37

repeated several times, you would eventually reach
the housing storage limit. Notice the zig-zag line in
figure 1-47. Beginning in the lower left corner, the
line goes vertically to 200,000 H.U. (the first
examination). After 5%; minutes of cooling, based
“on the cooling clirve, the stored H.U. drops to
approximately 185,000 H.U. The next exam raises
the stored H.U. to 375,000, and so on. Eventually,
the stored H.U. in the tube housing reaches the
maximum permissible. In this case, only about
seven cxaminations could be performed
consecutively.
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Exercises (036):

!

Complete the following exercises based on the
cooling charts in figure 1-48. Chart A is the anade
cooling chart; chart B is the housing cooling chart.
Both charts are for the same X-ray tube.

. 300,000
| T
280,000 t
260,000 \ : %9 — po—
w Q i T :
8 240,000 ) T L~ p — » 1
Z 220000 : <, e 209 —
g 220/ AN = ! i
' Z 200,000}— V\P all
& 1ap. ) v ~ 1090 ] !
2 180,000 HeuF—]
@ | // N “—§/SEC-
S 160,000 }———i — —aoG HERS
E | < | EE
140,000 — i — ;
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Z 100000 — AL, !
» ) H H b .
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Figure | 48, Objective 036, exercises | through 5
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1. i you perform an examination that generates 3. How long can fluoroscopy be continuously

: 140,000 H.U.. how many minutes of cooling, if performed, using 5 mA at 120 kVp?
any. must you allow before repeating the

s »

examination once?
4. How long can fluoroscopy be continuously
performed, using an input of 1,400 H.U./sec?
2. If you perform an examination that generates 5. If an examination generates 400.000 H.U., how
220.000 H.U., how many minutes of cooling, if many such examinations can be performed, if the
any, must you alloy before repeating the minimum cooling time is allowed between
examination? l examinations, before exceeding the housing
- . i . storage capacity? The X-ray tube has no air
: circulator.
\ N “
4
i /‘J
|
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CHAPTER 2

QUALITY CONTROL is one of the most
imporiant aspects of a well-coordinated, efficient
radiology department. In this chapter we will
discuss the principles that affect the use of X-
radiation and that tie in directly with quality
control. We will concentrate on a review of the
primary beam and how it affects the radiographic
‘image. By understanding these principles and
characteristics, control of image quality becomes a
reality. To achieve this objective, we will begin by
discussing the characteristics of the primary beam.
Principally important here are the elements called
quality and quantity. Following the discussion of
primary beam characteristics, you can apply your
knowledge to the study of projection factors. These
explanations will enable you to better understand
how to formualte techniques and further impfove
quality control on the job.

-1. Inherent Characteristics of the
Primary Beam

The nature of the primary beam is evaluated by
two factors, “quality” and “quantity.” These are the
terms by which you denote both penetrating ability
and intensity of the X-ray beam. Let's begin our
discussion with beam quality.

037. Given a list of statements pertaining to the
quality of the primary beam, indicate which are true
and which are false. If you indicate “*false,” explain
your answer.

Quality. When we speak of the “quality” of the
primary beam, we actually mean the ability of the
beam to ,penetrate matter or, more spccxﬁcally,
human tissue. A hlgh-quahty beam is one with
relatively high penetrating power, and a low-quality
Leam is one with low penetrating power. You
should understand the penetrating power of the
primary beam because a certain amount of X-ray

to provide sufficient density and the desired degree
of contrast. You can produce good diagnostic
radiographs by using more penetration than is
necessary, but if you use Jess than necessary, the
radiograph will not be diagnostic. Consequently, we

photons must penetrate the part and reach the film,

The Primary Bea'm

“can say that for all practical purposes there is a

minimum degree of penetration required for each
body part. We cannot tell you precisely what the
requirements are for each body part. They depend
on several factors, including part size, pathology,
and machine output.

“Wavelength™ is another term associated with

beam quality. The shorter the wavelengths of the X

ray photons, the greater the penetrating power. A
beam of X-radiation is composed of many photons
with varying wavelengths; hence it is a
heterogeneous beam.

Since the energy ofa photon is directly related to
its wavelength, “energy” is yet another term closely
associated with beam quality. The higher the energy
of a photon, the shorter its wavelength. Keep in
mind that although we'may speak of the energy or
wavelength of a single X-ray photon, there are
millions of photons in a beam of X-radiation with
different wavelengths or energies. Therefore, the
average or mean energy, or wavelength, is the
important factor.

How do you alter the quality of the primary
beam? Obviously, by changing the kVp setting on
your control panel. How does the kVp affect beam
quality? If you increase the'kVp on your control
panel, you increase the energies of the electrons
across the X-ray tube. Suppose you dpply 80 kVp
across the X-ray tube. Theoretically, the energies of
the electrons range frdm | to 80 keV. (This range
would be in a single-phase generator only. In a
three-phase generator, the maximum electron
energy would be the same, but the minimum energy
would be higher, as discussed in Chapter 1.) The
cncrgncs of the photons produced as the electrons
interact with the target also range from | to 80 keV.
Now suppose you apply 100 kVp across the X-ray
tube. The electron energy range and the photon
energy range increase proportionately.
Consequently, the average energy of a beam of X-
radiation is determined by the averageenergy of the
electrons striking the target.

Exercises (037):

Indicate whether the following statements are true
or false. If you indicate “false,” explain your answer.
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T F . Quality of the primary beam denotes
penetrative ability. )

T F 2. Good visuahzation of a body part occurs if
the partabsorbs all photons which strike it.

T F 3. Practically speaking, penetration of a part
must tieet or exceed a definit¢ minimum.

T F 4. A highly energetic beam of X-radiation has
relatively high-quality.

T F 5. Photons with long wavelengths have
relatively lew energy.

T F 6. The average energy of a beam of X-
radiation, depends upon the number of
photons present.

T F 7. You can regulate the penetration ability of
the primary beam by adjusiing the kVp
selector.

T F 8. An increase in kVp increases the minimum
electron energy across the X-ray tube.

T F 9. If the average clectron energy is lowered,
the average photon energy is also lowered.

038. Define beam quantity and given a list of thrg/

factors affecting beam quantity, match the factors
with appropriate definitive statements or phrases.

Quantity. The “quantity,” or asit is usually called
intensity, of a beam of X-radiation at a given FFO
can be defined as “the characteristic which affects
the density on a radiograph.” Intensity of the
primary beam is a measure of the numbeftof
photons per unit area in combination with the mean
energy of the photons.

How do you control the intensity of the primary
bsam? To understand this, let's go back once again
to the electrons which travel from the filamentin the
X-ray tube to the target. An increase in mA results
in a higher filament temperature and more electrons
available to traverse the tube for interaction. The
more electrons interacting with the target, the more
photons produced. Further, the increase in the
number of photons is porportionate to the increase
in the number of electrons. For example, if the
number of electrons is increased, the number of

_photons, and consequently the intensity, is

increased. Since mA, as discussed in Chapter |,

. regulates the amount of electrons, you can see how

adjusting the mA regulates the intensity of the
primary beam.

Varying the exposure time is another way to
regulate the number of electrons interacting with
the target. Suppose 100 mA is applied to the X-ray
tube for I 10sec. If the exposure time is increased to
1,5 sec, electrons arc emitted from the filament at
the same rate, but the period of time during which
they are emitted is twice as long (1: 5+ 1/10=2). In
effect, this change in the exposure time doubles the
number of electrons interacting with the target and
consequently doubles the number of photons
produced.

Another way to control the intensity is with the
kVp. While mA and exposure time control intensity
by regulating the number of photons produced, kVp
controls intensity by affecting the number of
photons produced and by regulating the mean
energy of the photons. As discussed carlier, if the
kVp is increased, the energy of the electrons is
increased. This increase in electron energy also
increases the number of interactions and therefore
increases the number of photons emitted from the
target. A change of plus or minus 15 percent of the
kVp amounts to the same change in intensity as
doubling or halving the mA or exposure time.

As with the penetrating power of the beam, where
we were not concerned with the energy of a
particular electron, we are not concerned here with
the specific number of photons. The relative
intensity is the important issue.

Exercises (038):

l. In your own words, explain what is meant by

beam qtiantity. ,

*

Match the quantity factor in column B with the
appropriate statement or phrase in column A by
placing the letter of the column B factqg in the
appropriate space in column A. Each célumn B
factor may be used once, more than once, or not at
all. In addition, more than one column B factor may

match a single entry in column A. ,

]
i

Column A Column B

—2. If doubled, this factor doubles a. mA.
the beam intensity. b. FFD.

——_3. Affects both the number and c. Exposure time.
energy level of the photons. d. kVp.

—_4. A 15 percent increase in this ,
factor doubles the intensity.

—5. Decreases intensity by
decreasing the number of
electrons available for
interaction.

— 6. Affects intensity by affecting
duration of electron emission.

— 7. Affects the number of electrons
or photons per unit time.

8. Regulates beam Qquantity at a
specific distance from the X-ray
tube.

— 9. If halved. this factor halvesthe
intensity.

039. State the inverse square law, and show its
effect on the intensity of the X-ray beam.

Inverse square law. In the preceding paragraphs
we discussed beam intensity at a specific distance




.

from the target. According to the inverse square law
the intensity of the primary beam is not the same at
various distances from the target of the X-ray tube.

The inverse square law states that the intensity of -

radiation in the primary beam is inversely
proportional to the square of the distance from the
target. This means that as the distance from the tube
increases, the intensity of the beam decreases. If the
distance is doubled, the intensity decreases to one-
fourth. By the same token, if the distance is halved,
the intensity incrcas\cs four times. This variation in
intensity is a result of the divergence of the beam
and can best be understood by referring to figure 2-
L. Notice that the primary beam at 72 inches covers
an area 4 times as great as at 36 inches because of its
divergence. For comparative purposes, let’s assume
that the blocks in the figure measure 1 square inch,
and the intensity at 36 inches is 20 X-ray photons
per squareinch, or 80 photons, for blocks 1, 2, 3, and
4. At 72 inches, because of the divergence of the
beam, the 80 photons are now spread over 16 square
inches, or 5 photons per square inch. Thus, the
intensity is reduced to one-fourth at twice the
distance. Note that when we discuss variations in
intensity according to the inverse square law, we are
only speaking of the number of photons. Photon
enargy does not enter into the picture.

Exercises {039):

1. State the inverse square law.

2. The intensity of the primary beam at 36 inches
from the target is 200 photons per square inch.
What is theintensity at 18 inches from the target?

At 72 inches from the target?

3. Does the inversesquare law affect beam intensity
by affecting the number of photons emitted from
the target? Explain your answer.

4. What is the connection, if any, between the
inverse square law and photon energy?

040. Give the term used to describe the variation of
intenstiy of the primary X-ray beam along the axis
of the X-ray tube, and indicate the cause of this
variation and the relationship between intensity and
the distance from the central ray (CR).

Anode Heel Effect. The anode heel effect
identifies the phenomenon which produces a
variation in intensity of the radiation within the
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Figure 2-1. The primary beam and the inverse square law,

primary beam along the longitudinal axis of the X-
ray tube. Using the CR as our stagting point, let’s see
how the intensity varies. *

When we move away from the CR on the anode
side, we find that the intensity becomes I¢ss and less
the farther we go. Contrariwise, when we move
away from the CR on the cathode side, we find the
beam becoming more intense than it was in the CR
area, or on the anode side. The area of increased
intensity is limited, however, and, as we continue to
move in the direction of the cathode, we find that
the intensity again decreases. The intensity
percentages at different angles of emission of a 20°
anode are illustrated in figure 2-2. Keep in mind that
the variation in intensity is only along the
longitudinal axis of the X-ray tube. There is no
variation along the transverse axis.

The variation in intensity is due to the angle of the
anode. Some photons are emitted from within the

-
.
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target material, rather than from the target surface.
As you can see n figure 2-3, photons emitted from
within the target toward the anode side of the tube
travel through more target material, and therefore,
more of these photons are absorbed. On the other
hand, since photons emitted toward the cathode
side of the tube travel through less target material,
fewer are absorbed by the target. Consequently,
when we speak of the anode heel effect, we actually
mean the number of photons per unit area as
opposed to the energies of the photons.

Exercises (040):

Fill in the blank spaces below with the appropriate
word or phrase pertaining to the anode heel effect of
a 20° anode.

1. The variation in the intensity of the X-ray beam
along the axis of the X-ray tube is

known as the

2. The greatest variation ii intensity occurs
—— from the CR.

3. The intensity of the primary beam gradually
decreases toward the side of the X-
ray tube.

4. The intensity of the primary beam

toward the cathode side of the X-ray tube for a

substantial distance and then begins to
A 20°
‘NGLE OF . . L] . . . . L] 1] . .
Emission 407 360 320 280 247 200 160 12 @ 4 O

1
95%!02% lOS% 1041. l037~ l00$ 95% 85% 73% 56% 315
APPROXIMATE BEAM INTENSITY

~~——CATHODE ANQDE——

Figure 2 2. The anode heel effect showing how the intensity of
the primary beam variesdepending upon the angle of emission
from the target.
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Figure 2-3. Nlustration of a target showing how some photons
travel through more target material than others.

5. The greatest concentration of X-ray photons is at
a —_ angle off the surface of a 20° target.

6. More photons reach the film on the
side of the X-ray tube.

7. The anode heel effect is caused by
X-ray photons by the

of

041. Given various hypothetical radiographic
situations, apply anode heel effect to each situation.

Effect of tube angle. The intensity percentages of
the primary beam vary with tubes having different
target angles. Refer againto figure2-2 and note that
the percentage range for a 20° target is 95 percent to
31 percent. With a smaller target angle, of 10°, for
example, there is a greater difference in the
intensity; consequently, the anode heel effect is
more pronounced.

Effect of FFD. Regardless of the target angle of
your tube, one factor that you must consider along
with the anode heel effect is the FFD. Consider
figure 2-4. If part | is radiographed, the intensity
range is 85 percent to 104 percent. If part 2 is
radiographed, the intensity range is 31 percent to 95
percent. The former range is not sufficient to cause
objectionable density variation on a radiograph,
while the latter most certainly is. You can see the
reason for the difference in the intensity percentage
range if you will compare the total area of the
primary beam required to radiograph each part in
figure 2-4.

Effect of film size. Another factor to consider
pertaining to the anode heel effect is the film size.
Notice in figure 2-5 that if two different sized filin
are used, at a specific distance, the heel effect is more
pronounced with the larger film. It follows from this
discussion that radiographs of body parts requiring
smaller films are less affected by the heel effect than
radiographs of parts requiring larger films.
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Figure 2 4 The anode heel effect showing how FFD affects
intensity distribution.

Taking advantage of the anode heel effect.
Althongh the anode heel effect at times can cause
unbalanced density on a radiograph, it can be used
to advantage when you X-ray certain parts of the
body. Consider, for example, an AP thoracic spine.
The thickness of the chest over the upper part of the
spine is not as great as over the lower part. If you
position the patient so that the anode side of the
tube is over the upper spine and the cathode side
over the lower spine, the anode heel effect will help
to balance the uneven thicknesses. The leg and
femur are two other parts requiring anode heel
effect consideration.

Exercises (041):

You have three exposure rooms in your
department. Room #1 has a target of 12° anode,
room #2 has a 15° anode, and room #3 has a [7°
anode. You must radiograpk an AP thoracic spine
on a patient whose lower chest is considerably
thicker than average and whose upper chest is
thinner than average. Based upon the information
presented in the text, answer exercises | through 4
below.

1. Which exposure room would you use to take
maximum advantage of the anode heel effect?

2. Why did you select that particular room? Be
specific.

3. If the room you selected was tied up with a
special procedure, which room would be your
second choice?

£

. How should the patient be positioned on the X-
ray table with respect to the X-ray tube?

Your department has eight exposure rooms with
anode angles ranging from 10° to 20°. You are
establishing a room in which to perform all
gallbladder examinations. A single examination
consists of four spot-films (5" by 5" field). Based
upon the anode heel effect considerations presented
in the text, answer exercises 5 and 6 below.

5. Considering only the anode heel effect, which
room would you select? .

i

6. Explain the reason for your answer to exercise 5.

20°

FILM

ANGLE OF  ,Ju afs 3he ohe —!
Emission 40" 36° 320 28 24 200 g 122 8 & o
95%102% 105% 104% losmoox 95% ass 73% sss 311.

APPROXIMATE BEAM INTENSITY

+———CATHOOE ANQOE e

Figure 2 5 The anode heel effect showing how the intensity
varies according to filr. size.
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A por.able AP radiograph 1s made of a leg using a
30-inch FFD and a 17° target. Later the same day
another AP radiograph i1s made in the radiology
department using a 40-inch FFD and also a 17°
warget. Based upon the information presented in the
text. answer exercises 7 through 8 below.

7. How should the leg have been positioned to
compensate for the difference between the size of
the upper and lower portions?

8. Assumung the radiographs were made using the
same relative exposure. which radiograph would
show the greater difference between the densities
of the upper and lower portions of the leg?

2-2, The Primary Beam and its Projection of
the Radlographic image

We continue our study of the primary beam with
the geometric factors that affect the quality of a
radiographic image. Specifically, the factors are
focal spot size and the relationships between the
tube, part, and film. We will study these factors
under the headings of focal spot size. magnification,
and distortion.

042. Given s list of statements pertaining to the
relationship between focal spot size and detail,
indicate which are true and which are false. If 'you
indicate “false,” explain your answer.

Focal Spot Size. No doubt you have heard many
times that you should use the smallest focal spot
possible. You use the smallest focal spot to produce
better detail .on a radiograph and the “possible”
means to use it when the exposure does not exceed
the heat-loading capacity. We will deal with the heat
capacity a httle later. For now, let's look a little
closer at the detail.

Focal spot size and detail. Why does asmall focal
spot produce better detail than a larger one? To
answer that question refer to figure 2-6. Notice we
have drawings of three focal spots projecting an
image. lllustration A shows the focal spot asa point
source of the X-ray photons. Illustration B
represents a small focal spot, and illustration C
represents a large focal spot. Notice we did not refer
to the point source as a small focal spot because we
have no focal spots that small in radiology. They
usually range from 0.3 to 2.0 mm. We show the
point source merely to illustrate the difference it the
projection of the image.

Notice that all edges of the part in drawing A,
figure 2-6. are projected to one spot on the film
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while in drawings B and C eachedge is projected toa
different spot. The reason each edge is projectedtoa
different spot is that the edge is projected by
photons from many points within the target. For
simplicity, we have shown in figure 2-6 only the
photons from ecach side of the target, which
determine the maximum area of penumbra. When
the border of a part is projected in this manner, it is
called penumbra and has a “fuzzy” or “unsharp”
appearance. The more penumbra present, the more
unsharp the image, or we can also say the less the
detail.

As you can see, there is less penumbra present on
the image of the part projected by the smaller focal
spot. A smaller focal spot causes less penumbra
because the edges are projected by photons from
fewer point sources.

Refer tofigure 2-6,B and C, onceagain and notice
the difference between the amount of penumbra
from the anode side of the tube to the cathode side,
As you can see, the amount is greater on the cathode
side. What does this difference mean? First of all, it
means that the edge of the part on the anode side is
being radiographed with a smaller focal spot than
the edge on the cathode side. Of course, the
important aspect of this discussion is that
radiographs have better (focal-spot) detail on the
anode side. The farther toward the anode side, the
better the detail; and the farther toward the cathode
side, the worse the detail. Figure 2-7 gives you an
idea of the relative focal spot sizes in the center and
at both edges of the beam. Thz one in the center
represents the size listed' on your tube-rating chart.

Exercises-(042):

Indicate whether the following statements are true
or false. If you indicate““false,” explain your answer.

—

Better detail is obtained using a large focal
spot.

. A large focal spot produces less penumbra.
. The more penumbra, the better the detail.
. Penumbra is greaiest on the anode side of

the tube.

. Radiographs have better detail on the
anode side of the tube, due to the distance
from the target.
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043. Given hypothetical tube capacity data and
situations requiring application of the data, apply
the correct dats to each situation and explain the
reasons for your actions.

Focal spot size and heat-loading capacity. It
would seem from the preceding discussion that you
should always use the small focal spot on your X-
ray machine. After all, it produces better detail, and
detail on a radiograph is very important. However,




there is a considerable difference between the heat-
loading capacity of different-sized focal spots. A
small focal spot will not tolerate high exposures; in
fact, you would quickly damage your X-ray tube if
you used the small focal spot for all exposures.
Check the exposure factors against the tube-rating
chart. If the rating chart shows the exposure to be
within the maximum rating of the small focal spot,
and if some other limiting factor, such as part
motion, does not preclude use of the small focal
spot—use 1t.

Exercises (043):

Suppose that the X-ray tubes in your two exposure
rooms have the following focal spots. Further
suppose that the maximumsingle exposure capacity
is also as stated below.

Exposure room #1:
0.2 mm - 100 mA, 78 kVp, | 4 sec
1.5 mm - 300 mA, 110 kVp. 1 | Z sec

Exposure room #2:
0.5 mm - 200 mA, 80 kVp, 1.2 sec
2.0 mm - 500 mA, 120 kVp, 2 sec

PART PART

2. Which focal

1. Which exposure room could provide the least
penumbra on a radiograph? The most?

spot(s) should you use to
radiograph a lateral lumbar spine, using 100 mA
at 110 kvp?

3 Suppose your radiologist asks you to establish
procedures to perform a magnification
radiograph of all wrists with a possible fractured
navicular, He stresses the importance of keeping
penumbra to a minimum. What action would
you take, and why, concerning the exposure
room and focal spot to use for the examination?

PART

FILM

FILM

\\\PENUMBRA////

\\\ FILM ///
PENUMBRA

Figure 2 6 Projection of penumbra as a rasult of focal spot size
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Figure 2 7 Focal spot sizes as seen from different
parts of the Xeray field

044. Given selected descriptions of clinical
radiographic situations, answer key questions
concerning the effects of FFD and part-film
distance upon the situations.

Magnification. Magnification should normally
be kept to a minimum so that the part is projected as
near as possible to its actual size. This is important
to the radiologist's interpretation because increased
magnification increases the penumbra on a
radiograph, causing less clarity of the image. In
addition, enlargement of some body parts is a sign
of disease. If the part is magnified because of the
projection, the radiologist may have difficulty
making a diagnosis.

Factors affecting magnification. Basically two
factors affect magnification: FFD and part-film
distance, If you make two radiographs of a
particular body part, using the same part-film
distance and different FFDs, the radiograph with
the longer FFD will show less magnification. To
illustrate how FFD affects magnification, refer to
figure 2-8, where we have illustrated the same size
part projected by three different FFDs. Notice that
a more divergent beam projects the part on the film
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at the short FFD. It is this greater divergence which
increases the magnification.

Part-film distance also has a pronounced effect
on magnification if the FFD remains constant,
Notice in figure 2-9 that three parts of equdl sizeare
projected by the same FFD. The only differenceisin
the part-film distance. Part A, which is farther from
the film, is magnified most, while parts B and C,
which are nearer the film, are magnified
progressively less, Magnification due to an increase
in part-film distance occurs for the same basic
reason as magnification from decreased FFD—that
is, the part is projected by a more divergent beam.

Practical applications of FFD and part-film
distance. As you know, the FFDs used in your
department under routine conditions are
established by your radiologist. Also, the part-film

———

FFD FILM

Figure 2-8. How a vanation in FFD affects magmification on
a radiograph.




distance is usually dictated by the particular
projection, also established by your radiologist. So
why should you even be concerned with the FFD
and part-film distance? Let's examine some
conditions other than routine and see.

Suppose you are the quality control technician
and see a skull series performed on a patient with a
possible fracture of the superior portion of the right
temporal bone. The only lateral radiograph
included is a left lateral. From our previous
discussion, you should realize that the left lateral
does not show the right side as well as does a right
lateral. The reason—there is more part-film
distance, resulting in less detail of the right temporal
bone. Of course, there may be a good reason why
the right lateral was omitted—such as an
uncooperative patient. However, you won't know
that until you investigate, will you?

Let’s look at another condition. A patient with
some sort of traction device on his leg is X-rayed.
The device adds 2 inches to the part-film distance
for the AP projection. There is an obvious fracture
of the midshafts of the tibia and fibula and a
questionabie fracture involving the ankle joint.
Your radiologist wants another AP projection with
more detail to reevaluate the suspected joint
fracture. What would you recommend to the

PART-FILM FILM
DISTANCE

Figure 2-9 Illustration of the effect of part-film distance on
magnification if the FFD remains constant.
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specialist to satisfy the radiologist’s request? While
there are a number of factors that could be
considered—such as a smaller focal spot, slower
screens, and direct exposure—you shouldn't
overlook the FFD.

Exercises (044);

I. If a patient is suspected of having a linear
fracture of the right parietal bone, which lateral
of the skull would best demonstrate the fracture?
Why?

Two PA radiographs of the chest are made of the

same patient. Radiograph A using a 60-inch FFD

and radiograph B using a 72-inch FFD. All of the

factors are equal. Based on the information in the

text, answer exercises 2 through 7 below.

2 If the radiographs were made for suspected heart
enlargement, which one is best?

3. Which ribs (anterior or posterior), on which
radiograph, will have greater magnification?

4. Which radiograph will have better overall detail?

5. If a properly positioned lateral projection of the
right temporomandibular joint shows the detail
of the left side of the skull interfering with
visualization of the joint under study, how could
you alter the FFD to decrease the detail of the
left side?

6. The clinical history on the patient’s X-ray

request states “pneumonia, right iower lobe.” A
chest X-ray is ordered. A student specialist asks
you what lateral projection to take. What do you
tell him and why?

2y
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7. Due to conditions beyond his control, a student
specialist performs a portable radiograph of a
femur with more than normal part-film distance.
There is too much penumbra on the radiograph.
What FFD change could you recommend to
decrease the penumbra? Why? .

045. Answer key questions pertaining, to
radicgraphic distortion. ’

Distortion. A partis said to be distorted whenitis
not projected on the film in its true shape. As a
general rule, you should try to keep distortion to a

. minimum on your radiographs so that the part will
appear in its normal shape. Thus, the radiologist
can more casily recognize an abnormality.
However, at times, deliberate distortion is necessary
to project a part away from superimposed
structures, as we will discuss later in this section.

CR-part-film relationships. The relationships
between the CR, the plane of the part,anc he plane

. of the film affect distortion. Specifically, the plane
of the part and the plane of the film must be parallel,
and the CR must be perpendicular to minimize
distortion. Notice in figure 2-10 the radiographs of a
2- by 2-inch square. Radiograph A was made under . . . .

fe : . Figure 2-10. Radiographs of a radiopaque 2- by 2-inch square
e R e wmatow e i e
were parallel. Radiograph C was made with the .
square angled 40°. The CR was perpendicular to the
film. Radiograph D was made with the film angled
40°. The CR was perpendicular to the square. As
you can see, the shape of the square varies. This
should indicate to you the importance of the CR-
part-filth relationship. Incidentally, the square had
two “fractures.” Can you see them on all
projections?

Acceptable distortion. There are times when
distortion is permissible, even necessary. As
example is the inferosuperior or axial projection of 4 ¢ e long axis of the femur is placed at a 35°
the clavicle. Distortign is necessary in this case to ) angle to tghc plane of the film l;nd the CR is
demonstrate the clavicle free from superimposition perpendicular to the film, would the femur be

of the ribs. distorted on the radiograph?
Exercises (045):

3. How should the CR be directed, with respect to
the part and film, to prevent distortion?

1. What is the general rule regarding distortion on a
radiograph?

2. Is distortion ever acceptable? Explain your 5. What relationship must exist Lstween the part
answer. and film to prevent distortion?
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CHAPTER 3

Exposure Devices

EARLY IN THE history of radiography, the
proneers in the field became aware of a serious
problem affecting film exposures. The problem was
film fog due to scatter radiation. To overcome this
condition, certain devices were developed, which
are referred to as exposure devices. Initially and
until a few years ago, cones, cylinders, and

diaphragms were used extensively to restrict the

beam of X-radiation and thereby reduce film fog.
Howener, these devices have more or less given way
to collimators —the topic of the first section of this
chapter.

Another important exposure device used to
reduce film fog is the grid. Many refinements have
been made in grids since they were introduced. For
example, it is no longer sufficient “or a technician, to
merely know that a gnid reduces scatter radiation.
Some grids reduce scatter better than others and the
kVp range even affects scatter
certain extent. We begin our discussion of exposure
with collimators. ’

3-1. Colfimators

046. Given a list of statements pertaining to the
functions of a collimator, indicate which are true
and which are false, If you indicate “false,” explain
your answer.,

Functions of a Collimator. A collimator beam-
restricing device is used for precisely that
puroose—to restrict the size of the primary beam.
As you know, you should always restrict the size of
the primary beam to the smallest size possible and
still include the part under study in the X-ray field.
If you think you have heard that last statement
before. no doubt you have, and you will hear it
again and agamn. Using a small X-ray field is
important for two reasons:¥(l) it reduces the
exposure to the patient and (2) it reduces film fog
due to scatter radiation, (We will discuss beam size
and patient exposure in Chapter 6.)

One of the major causes of film fog is scatter
radiation that reaches the film. The amount of
scatter radration produced by an X-ray beam s
telated 10 the size of the X-ray held. Refer to hgure
3-1, where we have llustrated the same body part

clean-up” to a ,

projected by both a large and a small X-ray field.
Fora part of this size, we need onlya relatively small
film area. If the primary beam is restricted to only
that portion of the X-ray film needed, asin drawing
A, you can see that there is a certain amount of
scatter radiation reaching the film. However, if the
beam is enlarged so that it covers a larger area, as
seen in drawing B, there is an increase in the scatter
radiation reaching the film. Notice that the increase
in scatter reaching the film not only occurs on the
parts of the film that do not record the image, but it
also occurs directly over the image itself. The reason

_for this is that some scatter radiation is emitted at

acute angles with respect to the film.
There are many applications of a small cone field.

. Let’s look at one examination and see how a small

cone field may affect the outcome. Suppose the part
shown in figure 3-1 is a gallbladder. Further
suppose that the concentration of contrast medium
in the gallbladder is less than it should be for one
reason or another. Because of the minimal
concentration of the contrast medium, there is little
contrast between the gallbladder and the
surrounding structures. If you use alarge cone field,
you further reduce the contrast by increasing the
film fog. But if you use a small cone field, contrastis
increased —perhaps enough to adequately
demonstrate the gallbladder. The difference in
contrast could be sufficient to permit diagnosis of,
for example, gallbladder stones. Otherwise. the
patient may have to be rescheduled for another
examination.

Exercises (046):

Indicate whether the following statements are true
or false. If you indicate “false,” explain your answer.

T F 1. A beam-restricting device reduces the

intensity of the primary beam.

T F 2. You should use the smallest size X-ray field
consistent with the requirements of the
examination.

. A small X-ray field reduces patient
exposure. .

. A small X-ray ficld increases contrast.

. Yon can reduce scatter radiation by using a
larger X-ray livid.
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Figure 3-1, Effects of small and large X-ray fields on scattered radiation.

T F 6. A small X-ray field produces less film fog
than does a large one.
T F 7. Sca:ter radiation from a specific area
wichin the body can fog the film in more
* than one spot.

047. Describe the procedure for checking the
accuracy of the numerical collimator scale; and
given appropriate data, determine if four collimator
scales meet prescribed standards.

Collimator Requirements, AFM 161-38,
Diagnostic X-Ray, Therapeutic X-Ray, and
Gamma- Beam Protection for Energies Up To 10
Milhon Electron Volts, requires that multipurpose
X-ray units be equipped with an adjustable
rectangular collimator containing a light localizer
that defines the entire X-ray field. This means that
all of your X-ray machines, except for special-
purpose units, such as used for mammography,

must have such a collimator. The manual also
describes several specific collimator requirements.

Numerical scale. According to the manual, a
numerical scale must indicate the size of the X-ray
field at specific distances from the target. The scale
must be accurate within 2 percent of the FFD when
the CR is directed perpendicularly to the plane of
the film. This means that if, for example, you set the
collimator scale for a 10- by 10-inch X-ray field ata
40-inch FFD, the actual X-ray field must be within 2
percent of 40. The 2 percent refers to the sides of the
X-ray field. In the case cited above, each border of
the X-ray field must measure from 9.2 inchesto 10.8
inches (2 percent of 40 is 0.8).

It is a simple matter to check the accuracy of the
numerical scale. All you have todo is to set the scale
for a certain size field ata specific FFD and make an
exposure on a film at that FFD. Then measure the
sides of the X-ray field. Adjustments to the
collimator should be made by your medical
equipment repairman.




Exercises (047):
I. In your own words, describe the procedure for

checking the accuracy of a collimator numerical
scale.

«~— 9.4in.—

<6.3in.—

j ~J

Figure 3-2 shows drawings of four X-ray fields
made to ch.ck the accuracy of four collimator
scales, The scale setting for each drawing is
indiczied opposite exercises 2 through 5 below
Indicate opposite the exercises below whether or
not the collimator meets the prescribed standards in
each case.

~—11in.——

l
I

> «55in.—

<~53in.—~

C

Figure 3-2. Objective 047, exercises 2 through 5.

2. Figure 3-2,A—scale set for a 7- by 9-inch field at
a 40-inch FFD.

3. Figure 3-2,B—scale setfora9- by 11-inch field at
a 40-inch FFD.

4. Figure 3-2,C—scale set for a 13- by 16-inch field
at a 72-inch FFD.
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5. Figure 3-2,D—scale set for a 6- by 6-inch field at
a 30-inch FFD.

048. Explain the performance of the beam-defining
light and X-ray field compatibility test in terms of
wire placement, exposures, collimator adjustment,
and compatibility measurements; and evaluate
specific test data.

Beam-defining light versus X-ray field. The
previously mentioned manual also requires that the
“lighted” X-ray field be aligned with the*actual” X-
ray field within 2 percent of the FFD. This
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requirement s also based upon a CR perpendicular
to the plane of the film. For example, if the lighted
tield measures § by 10 inches, the short side of the X-
ray field must measure between 7.2 and 8.8 inches,
and the long side must measure between 9.2 and
10.8 inches.

-

To check the X-ray field against the lighted ficld,
place a cassette on the table and turn the collimator
light on. Adjust the collimator until the lighted field
is at least 2 or 3 inches smaller than the film. Place
four small pieces of wire, each bent to form a 90°
angle, so that the angles correspond to the corners
of the lighted field. Measure the borders of the
lighted field and record the information. Place some
sort of orientation marker on the film so that you
cap identify the side(s) of the collimator that is out
of adjustment. Make one exposure: then open the
«ollimator to cover the entire film and make another
exposure. After processing, measure the sides of the
X-ray field and compare them to the measurements
of the lighted field. If any side of the X-ray ficld
deviates by more than 2 percent of the FFD, the
collimator must be adjusted.

A

7

Figure 3-3 is a drawing of a test radiograph. This
drawing shows one side of the collimator, AB (the
side near the back of the table if the **R" was placed
in the near right-hand corner of thelighted field), to
be out of adjustment. Sides AC and BD of the
X-ray field are shorter than the corresponding light
field sides. Whether the collimator meets the
required standards depends upon whether sides AC
and BD are off more than 2 percent of the FFD.
Also notice that the “wires” near corners A and B
would not have been seen on the radiograph if the
second exposure had not been made.

Exercises (048):

Answer the following questions based on the

collimau‘t. X-ray field compatibility test.

1. How are the wire picces placed on thecassette?
S

e

", e, 2
A e

C

D

Figure 3-3 Drawing of a radiograph made to check the X-ray field against the lighted field of a collimator
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2. How many exposures should you make?
3. Why is the second exposure made?

4. When making the test radiograph, how can you
be assured of identifying the sides of the
collimator requiring adjustment?

5. What measurements of the test radiograph
should you maketodetermine the compatibility?

Inexercises 6 through 9 below, evaluate the test data
and determine if the collimator meets prescribed
standards.

6. Lighted field size—8 by 10 inches at 40 inches
FFD, X-ray field size—7 by 10 inches.

7. Lighted field size—10 by 10 inches at 40 inches
FFD, X-ray field size—10 by 10.4 inches.

8. Lighted field size—4 by 5 inches at 25 inches
FFD, X-ray field size—3.6 by 5.4 inches.

9. Lighted field size—14 by 17 inches at 72 inches
FFD, X-ray field size—12.2 by 17 inches.

3-2. Grids

While the use of a collimator contributes
substantially to the reduction of film fog, it by no
means solves the problenrcompletely. Considerabie
film fog still occurs unless an additional device is
used.

049, State the purpbse, operation, and application
of a grid; indicate whether or not a grid should be
used with specific body parts.

Function and Operation of a Grid. The purpose
of a grid is to reduce film fog by reducing the scatter
radiation that would otherwise reach the film. As
you know, the grid is placed between the part ana
film. Scatter radiation is erhitted from many points
and in many directions from the patient. Because
the greatest portion of the scattered rays strike the
lead strips at an angle, most of them are absorbed.
Most of the primary radiation, on the other hand, is
transmitted < the grid because the individual
photons approach the grid from angles
corresponding to the angles of the lead strips.
Figure 3-4 shows the relationships between the
angles of ths lead strips and the direction from
which primary and scattered radiationapproach the
lead strips. Since some body parts do not emit

’
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Figure 3-4. Relationships between pnmary radiation. scattered
radiation. and gnd strips.

enough scattered radiation to significantly fog a
radiograph, they should not be radiographed witha
grid. As a general rule, we can say that parts 11
centimeters thick and below can be taken without a
grid. Some radiologists, however, prefer that a grid
be used with parts over 9 centimeters thick. The one
exception is the chest radiograph; it may be taken
with, or without, a grid.

Exercises (049):

1. How does a grid reduce film fog?

2. Does a grid absorb all of the scattered radiation?

3. Areall of the primary X-ray photons transmitted
through the grid?

LI
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4. Why is absorption of scattered radiation by a
gnd greater than its absorption of primary
racdhation?

Match the normal grid application incolumn B with
the appropriate body part in column A by placing
the letter of the column B item beside the number of
the column A item. Each application may be used
once or more than once.

Column A Column B
a. Gnd
Sauil b Nongrd
Wrist ¢ Euther gnd or nongnd.
Lumbar spine

Pelvis

Elbow

Os caleis.

Chest. .

—_—C N X >

HRREEN

050. Differentiate between grid ratio and grid
radius.

v -
Grid Design. There are many different grids on
the market today. Some are designed to be used
under specificconditions. In order {or you to use the
grid that best {its your particular needs, it is
necessary to be aware,of the elements of grid design.

Grid ratio. The height of a lead strip in relation to
the width of the space between two strips is called
the grid rano (see fig. 3-5). Ratio is not directly
related to the thickness of the grid or to the number
of lines (lead strips) per inch. Consequently, a thin
and a thick grid can have the same ratio. and an 80-
line grid can have the same ratio asa 109-line grid.

Each grid has a specified ratio, and it can usually
be found on the tube side of the grid. Common grid
ratios are 4:1, 5:1, 8:1, 12:1, and 16:1. Grid ratio is
important to vou because it affects not only the
efficiency of the grid but also the tube alignment.

Grid rachs. In some grids, the lead strips are
parallel to each other; such a grid is called a parallel
or unfocused grid. In others. the lead strips are
angled; these grids are said to be focused:

a In an unfocused grid. if imaginary lines
parallel to the lateral surfaces of the strips were
exteided. they would never meet. In other words,
there 1s no point at which the imaginary lines would
come together. Figure 3-6 represents an unfocused
gnd. Note that all the strips are perpendicular to the
plane of the grid and that the lead strips are parallel
with each other.

b When the lead strips in the grid are inclined at
progressively larger angles farther from the center
strip. the grid 1s said to be focused. A focused grid
has a grid radius which is the distance from the
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Figure 3-5, Examples of grid ratios.

center of the grid to a point where the planes of the
lead strips would meet. Figure 3-7 shows a cross-
section of a focused grid, and figure 3-8 shows the
grid radius.

The-grid radius is important to you because it
affects your FFD. A grid usually has a-radius
specified on its tube side—although on some grids
the FFD range is specified instead of the ratio.

Exercises (050):

Match the grid design characteristic in column B
with the appropnate statement in column A by
placing the letter of the column B item in the
appropriate space in column A. Each column Bitem
may be used once or more than once. In addition,
both column B items may match a single column A
statement. h
Column 4
I. Affects grid cfficiency.
2. A focused grid has one.
3. An unfocused grid has one.
4. A specified distance.
— 5. Affects FFD.
—— 6. Affects tube alignment,
—— 7. Pertains to height of a lead sirip
and interspacs.
—— 8. Lead strips are not parallel.

Column B

a. Grid ratio
b. Grid radws.




Figure 3-6. Cutaway of an unfocused gnid.

051, Explain how the number of lines per inch in a
grid affects the appearance of a radiograph.

Lines per inch. Grids are available, with various
numbers of lines per inch. For example, a 12:1 grid
is made with 80 or 100 lines per inch. One difference
between the 2 is that the 100-line grid isthinner than
the 80-line. The greatest advantage of a grid with
many lines per inch is that the lead strips are less

-visible on the radiograph and therefore interfere less

with interpretation. This, of course, is based on the
assumption that the grid is not moved during
expcsure. The reason the strips are less visible is
that, for a given ratlo more lines per inch means
that the lead strips are thinner and are not as high.
This change in the size of the lead strips reduces the
total lead content of the grid. Cons:qucmly, for a
given ratio, a grid with many lines per inch improves
contrast less than one with few lines per inch. The
reason the one with many lines per inch does not
improve contrast as much is that less scattered
radiation is absorbed.

.‘Exercise; (051):

1. If two radiographs of the same part are made,
one using 8:1, 80-line, and the other using 8:1,
100-line, stationary grids, on which radiograph
would the lead strips be more visible? Why?

2. How does the number of lines per inch of a grid
affect radiograph contrast? Why?

052. Differentiate between the construction and the
uses of & linear and a crossed grid.

Arrangement of lead strips. Grids are made with
the lead strips ineither a linear or a crossed pattern,

a. A linear grid is one with all the lead strips
running paraltel with each other. Most grids in X-
ray tables are linear, and. the strips always run
inngitudinally. Linear grids are also available in
prid-cassettes and as regular portable grids. The
directions of the lead strips with respect to the
longitudinal axis of the X-ray table, grid-cassette,
and portable grid are shown in figure 3-9,

b. A crossed grid is made with two scts of lead
strips arranged as shown in figure 3-10. Crossed
grids are usually not found in X-ray tables used for
general radiographic

c. There are frtam advantages and
disadvantages of using both linear and crossed
grids. A linear grid permits virtually unlimited tube
angles—if the angle is in a direction parallel to the
length of the strips. The tube can be tilted in a
direction across the lead strips, but if it is, the angle
must be small to prevent loss of density due to
absorption of primary radiation. Figure 3-11 shows
how two different tube angles, one approximately
parallel with the lead strips 2nd the other
approximately at right angles to thestrips, affect the
transmission of photons through a grid.

Figure 3-7. Cutaway ol a focused ond.
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Figure 3-8. Grid radius.

Since a cross grid is actually made up of two
superimposed linear grids, its effective ratio isabout
twice 1ts nominal ratio. For example, an 8:1 crossed
grid has an effective ratio of about 16:1.

Exercises {052):

Match the grid 1n column B with the appropriate
statement or phrase in column A by placing the
letter of the column B item in the appropriate space
in column A. Each column B item may be used once
or more than once. In addition, both column B
items may match a single column A item.

Column 4 Column B ;
— 1 In Xe.ray tables a. Linear.
— 2. In gnd-cassettes b, Crossed.
— 3 Should be used with large tube

angles.
— 4 Has migher effective ratio
— 5 Use 1s more limsted
—— 6 Ponable grid.

053. Given a list of statements pertaining to the
purpose, operation, and exposure requirements of
Buckys, indicate which are true and which are false,
If you indicate “false,” explain your answer.

Grid Movement As you know, if the patient

moves during an exposure, the part being.
radiographed is blurrsd or not well visualized. If
movement is considerabie and the part is small
enough, the part is .ompletely obliterated. Such is
the case when a grid is used in a Potter-Bucky
diaphragm, a device named after its inventors,
which moves the grid during exposure. Movement
of the grid blurs out the lead strips that weculd
otherwise appear on the film with a stationary grid.
Grid lines, as you know, can interfere with
interpretation of a radiograph.

Bucky operation. In order for a Potter-Bucky
diaphragm (hereafter called a Bucky) to prevent
grid lines on a radiograph, movement of the device
or grid must satisfy the following three
requirements: (1) motion must be smoothand even,
(2) movement must start before the exposure, and
(3) movement must continue until after the
exposure stops.

Types of Buckys. Buckys can be classified as
moving, as reciprocating, or as recipromatic.

A moving Bucky is one in which the grid only
moves in one direction during a single exposure.Itis
then manually cocked before the next exposure.
The speed of niovement is determined by a timer,
which also is manually set. When using this type of
Bucky. be sure to cock the device before each
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Figure 3-9 Durection of the lead strips 1n a linear gnd.

exposure. Also, set the timer longer than the actual
exposure to insure that.grid movement occufs f
the duration of the exposure, Some portable Buekys
are of this type, but unless an X-ray machine is
relatively old, it probably will not have this type o
Bucky. Mimmum exposure time without grid lines
is about i/10 second.

A reciprocating Bucky continually moves across
the table and back for the duration of the exposure.
Movement in one direction is slower than in the
other. This type of Bucky does not have to be
manually set. Minimum exposure time also is about
1 10 second. |

. A recipromatic Bucky moves at the same cate of

L speed i bothy dizections actoss the Xerity tiable Hog

made with dilterent speeds. some tast enaugh to
£
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prevent grid lines, even at very short exposyre times.
Many of the newer X-ray machines have a
recipromatic Ruzky.

Exposure compensation. If you perform two
radiographs with all factors equal except that one is
made with a stationary grid and the other with a
Bucky, the Bucky radiograph will be lighter. One
reason for thi¢ is that more primary radiation is
absorbed because the CR does not strike the
(focused) grid in the exact center for the entire
exposure. The effect is the same as having the tube
centered laterally over the grid. Another reason is
that the X-ray tabletop acts as an additional filter
and therefore reduces the radiation reaching the
film. Usually about IS percent more exposure
{(InAx) 18 1equired.

{1}
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Fgiure 3-10. Dircction of the lead strips in a crossed grid.
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Figure 3-11 Relationship between direction of tube angie and direction of lead strips, showing the
difference between the absorption of primary radiation.
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Exercises (053):

Indicate whether the following statsments are true
orfalse I you:ndicate*false,” explainyour answer.

T F i. The purpose of a Bucky is to prevent
unwanted shadows on a radiograph.

T F 2. Duration of movement is an important
factor in the operation of a Bucky.

T F 3. Areciprocating Bucky permits the shortest
exposure time.

T F 4. A reciprocating Bucky must be manually
cocked before each exposure.

T F 5. The timer is manually set on a recipromatic
Bucky.

T F 6. All Buckys must begin movement before
the exposure to prevent grid lines.

T F 7. The X-ray table reduces film exposure.

T F 8. With Bucky exposures, the X-ray tube is
not always aligned to the center of the grid.

T F 9. A I5-percent increase in exposure is
necessary when changing from Bucky to
stationary grid technique,

054. Given particulars pertaining to four pairs of
grids, select the most efficient grid from each pair,
and explain why the selected grid is more efficient.

Grid Efficiency. Grid efficiency refers to the

amount of scatter radiation absorbed compared to
the amount of primary radiation absorbed. Ideally,
agrid would absorb al} of the scatter and no primary
photons. But due to the lead content in a grid, a
portion of the primary beam is alsc absorbed.
Consequently, grids are not 100 percent efficient.

Effect of grid ratio on grid efficiency. As a general
rule, the higher the effective ratio of a gric, the
better the absorption of scatter radiation. This
increase in scatter absorption is shown in figure 3-

2, which shows lead strips from two gnds with
different ratios. Notice that the angle of emission,
by which scattered photons can reach the film
between the lead strips, is larger with the low ratio
grid Consequently, the smaller ratio grid absorbs
fewer photons. Also, notice that 4 scattered photon
must penetrate more lead strips to reach the film
through the high ratio grid, consequently, the
photon has a better chance of being absorbed.

Effect of lines per inch on grid efficiency. Earlier
in this section we briefly discussed how the number
of lines per inch affects the contrast on a
radiograph We said that the higher the lines per
inch for a given ratio, the lower the contrast because
less scattsr is absorbed due to the decrease in lead
content Therefore, lines per inch also affects grid
efficiency Another factor that affects the effeciency
of a grid with many lines per inch (microline grid) is

the kVp. If you use high kVp with a microline grid,
the efficiency is reduced even more because some
scattered photons produced by high kVp have
higher energies than those produced by low kVp.
Since the lead strips in a microline grid are thinner,
they are more likely to be penetrated by the higher
energy, scattered photons. This means that the grid
absorbs fewer scattered photons and is therefore
less efficient.

Exercises (054):

In the exercises below, select the more efficient grid
of the two described, if all other factors are equal.
Explain why the grid you select is more efficient.

l. Grid A - nominal ratio 5:1 - linear.
Grid B - nominal ratio 5:1 - crossed.

2. Grid A - 8:1.
Grid B - 12:1.

3. Grid A - microline - used at 70 kvp.
Grid B - microline - used at 120 kVp.

4. Grid A - 100 line.
Grid B - 133 line.

0S5. Indicate the effect and basic concepts of laterai
decentering of the X-ray tube, and specify the
maximum decentering allowable for specific grids.

Problems of Grid Exposure. Four major
problems that technicians experience when using
grids are: (1) lateral decentering—the X-ray tube is
not aligned directly in the center of the transverse
axis of the grid, (2) distance decentering—the tube is
not positioned at the proper distance from the grid,
(3) a combination of (1) and (2) above; and (4) off-
angle alignment—the tube is improperly angled
with respect to the direction of the lcadt*iﬂn all
of these, there is a reduction in trans®Ssion of
primary radiation due to increased absorption by
the lead strips.

Lateral decentering. Lateral decentering is a
problem frequently encountered when using a
stationary grid because thert is no mechanical
means of centering the tube to the film. Lateral
decentering causes an even loss of density over the
entire film. Transmission of primary radiation
begins to decrease with any amount of lateral
decentering. The specific degree of reduction
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Figure 3-12. Effect of gnd ratio on absorption of scattered X-ray photons.

depends upon the grid ratio, the grid radius, and the
amount of decentering.

The hugher the grid ratio, the more critical is the
tube alignment. Withall 16:1 grids, tube centering is
so critical that | inch of lateral decentering is
enough to reduce primary transmission to the point
that the radiograph is too light for interpretation.
Consequently, a 16:1 grid should only be used in
places where lateral decentering is not a problem,
such as in the X-ray table.

The shorter the grid radius, the more critical is the
tube alignment. For example.a grid with a radius of
40 inches absorbs approximately twice as much
primary radiation as does a grid with a radius of 72
inches. (This is based on two grids of equal ratios
with equal amounts of decentering.)
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As the amount of decentering increases, so does
the absorption of primary radiation. Table 3-1
shows the maximum amount of decentering that
still transmits about 80 percent of the primary
radiation—enough to produce a diagnostic
radiograph in most cases.

Exercises (055):

1. An X-ray tube is laterally decentered overa grid.
How does this condition affect the appearance of
the radiograph?




TABLE 3-]

MAXIMUM LATERAL DECENTERING WITHOUT SIGNIFICANT LOSS OF PRIMARY RADIATION

. Maximum Decentering
Grid Ratio Grid Radius (in inches)

5:1 40 2
72 3
8:1 40 1
72 2
12:1 40 0
s 72 1
16:1 40 0

72 0 )

2. Two radiographs are made, using 8:1 and 5:1
grids, with | inch of lateral decentering in each
radiograph. Which radiograph shows less loss of
radiographic density if all the other factors are
equal?

3. How does the grid radius affect radiographic
density 1n the presence of lateral decentering?

,
. How much lateral decentering 1s permitted using
a 8:1, 40-inch, focused grid?

5. How much lateral decentering is permitted using
a 16:1, 72-inch, focused grid?

PN
t

Which of these two grids permuts the most lateral
decentering without significant loss of density—
8:1, 40-inch, focused, or 5:1, 72-inch, focused?

056. Relate focus-grid distance to grid radius and
radiographic density.

Distance decentering. Distance decentering refers
to the use of a focus-grid distance which is more or

Q

62

less than the grid radius. The result on the
radiograph is a reduction in the primary radiation
toward the lateral edges of the beam with little or no
effect on the central portion of the primary beam.,
The specific loss of primary radiation depends upon
the amount of decentering, the grid ratio. and the
direction (near or far) of the decentered tube.

The loss of primary radiation increases as the
distance between the grid radius and the X-ray tube
increases. There is a certain amount of tolerance for
this type of decentering. The tolerance depends
partly upon the grid ratio. A grid with a high ratio
will not tolerate as much distance decentering as will
a grid with a low ratio. Also, there is more tolerance
if the distance from the X-ray tube to the grid is
greater than the grid radius and less tolerance if the
distance from-the X-ray tube to the grid is less than
the grid radius.

When we speak of “tolerance,” we mean the
maximum amount of decentering which still
produces sufficient density to produce a diagnostic
radiograph. Some grids havea specified focal range,
such as 30 inches to 40 inches. This means you can
use any focus-grid distance in that range without
experiencing significant loss of primary radiation,

Some grids do not come with a specified focal
range.Only the grid radius is specified. In cases such
as this, you should get in touch with the
manufacturer and obtain his recommendations,
although you can determine the relative tolerance of
various grids by making experimental exposures
and determining at what focus-grid distances
significant loss of primary radiation (density)
occurs.
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Exercises (056):

I I a radiograph 1s made using a 35-inch {ocus-
grid distance and a grid with a focal range of 36
to 44 inches. how does this condition affect the
appearance of the radiograph?

{

2. Two radiographs are made using a 40-inch
focused gnd. A 48-inch focus-grid distance is
used with one radiograph and a 32-inch focus-
grid distance 1s used with the other. Which
radiograph shows the greater change in
appearance if all other factors are equal?
Explain.

3. How does grid ratio affect the loss of primary
radiation due to distance decentering?

4. How can you determine the focal range of a grid
if it 15 not specified?

X~Ray Tube

a\Grid Radius

. B

Near Normal
Density

Loss of
Density

Film

&7

057. Given descriptions of the density distribution
of two radiographs, specify the csause of the
difference in distribution.

Lateral decentering plus distance decentering.
When lateral and distance decentering occur
together during the same radiograph, they are
unique in that they produce a radiograph witha loss
of density on only one lateral margin of the film, If
the X-ray tube is misaligned in both directions and
the focus-grid distance is greater than the grid
radius, the lateral margin of the film beneath the
tube is underexposed. If the focus-grid distance is
less than the grid radius, the lateral margin of the
film remote from the tube is underexposed. See
figure 3-13.

Exercises (057):

I. A radiograph shows uneven density, The density
on side A of the radiograph is greater than the
density on side B. Based on the information in
the text, what is the probable cause(s) of the
variation?

AGrid Radius
/ \

X~Ray Tube

Loss of
Density

Near Normal
Density

Figure 3-13. Effect of lateral decentering plus distance decentering on film density.
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2. A radiograph shows uneven density. The density
on side A of the radiograph is less than the
density on side B. Based on the information in
the text, what is the probable cause(s) of the
variation?

058. Specify the maximum tube angle allowed
across the grid strips for various grids; describe the
appearance of the radiograph if the maximum
angles are exceeded.

Off-angle alignment. If the X-ray tube is
excessively angled across the lead strips, there is an
even, noticeable loss of density over the entire film.
The amount of loss depends upon the degree of the
angle and grid ratio. The maximum (approximate)
angles which still produce adequate film exposure
for specific grids are as follows: 5:1,8°; 8:1, 6°; 12:1,
3% and 16:1, 1°.

Exercises (058):

¢1

I. Whatmaximum tube anglesare perrmitted across
the grid strips for the following grids?

a. 5:1.

b. 8:1.

c. 12:1.

d. 16:1.

2. If the angles indicated in exercise #1 above are
exceeded, what is the result on the radiographs?

7
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CHAPTER 4

Film, Film Holders, and Darkroom

AS YOU ACHIEVE your “7 level” and advance in
grade you will become more and more involved in
the selection of films and film holders for use in your
department. In this chapter we will present some
general information about these two iterns to assist
you in your selections, as well as other information
to nelp you use them effectively.

Our discussion of darkrooms will cover the
chemistry, the evaluation, and the standardization
of processing systems.

4-1. X-Ray Fliim

In this section we will discuss the composition of
an Xeray film, the types of film, and film
characteristics.

059. Given a list of statements pertaining to the
composition of an X-ray film, match each with the
appropriate film layer.

Composition of an X-ray Film. An X-ray film
consists of a base, two subcoatings, an emulsion on
both sides, and a protective coating. (See fig. 4-1.)

The base. The base consists of either cellulose
acetate or polyester and serves as a support for the
emulsion and subcoating. It also provides the
proper degree of stiffness for easy handling ‘Films
with a cellulose acetate base work quite well in:
manual processing and in some of the slower
automatic processors. However. in 90-second,
automatic processors where high temperatures are

used. they have a tendency to slip and cause the

machines to jam. This occurrence is attributed to
the absorption of fluids by the cellulose acetate
base. Polyester, as base material. provides more
strength in thinner form than does cellulose acetate
and will not absorb fluids Consequently, polyester-
base film is more compatible with the high
temperatures used 1n 90-second processors.

The subcoating The subcoating 1s a thin layer of
adhesive material used to attach the emulsion to the
film base.

The emulsion. Basically, the emulsion is
composed of gelatin and silver bromide crystals.
The fatent 1mage and visible image are formed in the
film emulsion.

The protective coaung. A thin, transparent
material 1s coated over the emulsion to protect it
during handling and storage.
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Exercises (059):

Match the X-ray film layer in column B with the
appropriate statement in column A by placing the
letter of the column B item in the space provided in
column A. Each column B item may be used once or
not at all.

Column A Column B

— 1. Located between the emulsion a. Base (celiulose
and base. acetate).

— 2. Should not beused in90-second b. Base (polyester).
processors. c. Subcoating.

— 3. Helps prevent damage to the d. Emulsion.
emulsion. ¢. Gelatin,

__.4.Can withstand high f. Proteclive coating.

temperature processing.
. Gelatin and silver bromide.

060. Given a list of statements pertaining to the
three types of X-ray films, match each with the
appropriate film.

Types of X-ray Film. Many different types of film
are used in the radiology field. All of these can be
combined into the two major groups known as
screen and nonscreen films. These two groupings
include every film type except dental, which has a
few peculiarities of its own. Dental films are also
discussed since you will, at times, use them.

Screen film. Screen film is manufactured to be
especially sensitive to the blue-violet light emitted
from intensifying screens. The purpose in using
these screens 1s to amplify the effects of X-radiation,
as will be explained in more detail throughout this
chapter. Screen film contains a smaller amount of
silver than does nonscreen film; this factor pefmits
screen film to be processed faster than nonscreen
film. Most radiographic examinations are
accomplished using screen film with intensifying
screens; however, screen film can be used without
intensifying screens. when used without screens,
these films require considerably more exposure.

Nonscreen film. Nonscreen film is designed to be
especially sensitive to the direct action of X-rays.
When used in this manner, it provides excellent
radiographic detail. Generally speaking, it is
intended for use only on smaller body parts, such as
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Figure 4-1 Cross section ¢f an X-ray film.
t

the extremities and breasts. In actual practice,
nonscreen films are usually used in mammography,
and screen films are used on extremities. Since a
nonscreen film has a larger amount of silver, it will
have a higher degree of contrast in the lower
eXposure ranges. Since the emulsion is thicker in
nonscreen films, they require a longer developing
and fixing time. Also, because of the thick emulsion,
nonscreen films should not be used with intensifying
screens because the visible light emitted by the
screens cannot penetrate and completely expose the
entire emulsion layer.

Dental film. This brings us to dental film,
which--as was mentioned earlier—has some
peculiarities, Dental films are simply modifications
of medical X-ray film. They are individually
wrapped in moistureproof, lightproof packets and
are classified as periapical (used for examining the
roots of the teeth), interproximal (for locating
cavities between teeth), and occlusal (for examining
larger areas). Specifically, dental film has a thinner
base and emulsion than does medical X-ray film,
and is supplied two to a package, with a lead-foil
backing. The amount of exposure required is
similar to that of nonscreen film.

Exercises (060):

Match the type of film in column B with the
information in column A by placing the letter of the
column B item in the space provided in column A.
Each column B item may be used once, or more than
once.

Column A Column B

.— I. Used tn mammography. a. Screen fiim.
— 2 Particularly sensitive to blue- b. Nonscreen {ilm.
violet light. ¢. Demal film.
— 3. Used more than other types.
— 4. Two to a package
— 5. Provides greater
staaller parts,
Can be used with or without
intensifving screens.
Used for lateral lumbar spine.
Requires longer processing
Has thicker emulsion.

detatl for
— b
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061. Define density, and-given three percentages of
light transmitted through a radiograph, specify the
numerical density values,

Film Characteristics. All X-ray films are not-the
same —that is, they differ insuch properties as speed
and contrast. The best way to compare these
properties is to refer.to the characteristic curve,
which can be obtained from the manufacturer. We
will discuss some characteristic curves, but first let's
review film density. . ’

Density. Density, as you know, is the ratio of the
light transmitted through an X-ray film to the light
incident to the film. The less the fight transmission,
the higher the density. ¢

When we look at an X-ray film, we usually think
of density in relative terms. We may think of
doubling the density or halving the density with
little thought of what the specific density
measurement is. By using an instrument called a
densitometer, we can measure the actual density on
a radiograph. - ,

Density 1s expressed in logarithmic values. While ~

you, do not need to understand logarithms, you
should be familiat with the specific density, valuzs. If
a densitometer shows that the density of a particular
portion of a radiograph is 1.0, 10 percent of the
incident light is transmitted through the film. A
density of 2.0 means that 1 percent of the light is
transmitted, and a density of 3.0 shows that 0.1
percent of the incident light is transmitted through
the film.

Exercises (061):
. What is density?

2. What specific density is present if each of the
following percentages of incident light is
transmitted through a radiograph?

a. 10 percent.
b. 1 percent. ‘
c. 0.1 percent.

062. Given a‘characteristic curve of an X-ray film,
determine what mAs changes are required fo
produce specific- changes in the density on a
radiograph.

Now, let’s examine a typical characteristic curve
and see what we can learn about a particular X-ray
film. Figure 4-2shows a characteristic curve. Asyou
can see,the density is plotted on the vertical a%is,
and the log relative exposure, cn the horizontal
axis. Log relative exposure represents the mAs

7
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required to produce a specific changein the density.  the broken lines). Keep in mind that the log relati@*g
An increase of 0.3 on the exposure scale represents  exposure scale is relative. You can apply any mAs
double the mAs and a decrease of 0.3 represents half  value to the scale. One hundred mAs produces a
the mAs. For example, if 10mA s producesa density density of 1.1; then 200 mAs is required to producea’
of 1.1, 20 mAs will produce a density of 1.8 (notice density of 1.8, according to the curve in figure 4-2,
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Figure 4-2. A characteristic curve.
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Exercises (062): '

Using the characteristic curve in figure 4-3, complete the following exercises.

3.5

|/

2.5

DENSITY

1.0
0.5 _____,///

05 10 |15 20 25 30 35
LOG RELATIVE EXPOSURE

Figure 4-3. Objective 062, exercises 1 and 2.

1. If 30 mAs produces a film density of 1.5, how 2. If 35 mAs produces a film density of 1.6, how
mucn mAs is required to produce a density of much mAs is required to produce a density of
2.0? 0.7

063. Given characteristic ¢urves of three different
X-ray films, evaluate them in terms of background . )
; ) density, film speed, contrast, and exposure latitude, . »
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Background density. All X-ray films have a
certatn amount of background density, also called
inherent film fog. This density is present after
processing even if the film is une.posed. To
determine the background density of a film, refer to
the toe of the characteristic curve and note the
density at zero exposure. The film represented in
figure 4-2 shows a background density of 0.2. As a
rule, a background density of over 0.21s excessive.

Fim speed. The response of a radiographic film
to exposure is called film sensitivity or filmspeed. A
“tast” film requires less exposure to produce a
specific density than does a “slow” film. Since a fast
film requires less exposure, it permits shorter
exposure times, subjects the X-ray tubg to fewer
heat units per exposure. and reduces t radiation
dose to the patient. Fast films, howéver, usually
sacrifice some detail due to the increased size of the
sihver bromide crystals in the emulsion, which
causes a “grainy” appearance on the radiographs.

Film speeds are not expressed in numerical '

values; therefore you must compare the relative
speeds of different tilms by referring to the
characteristic curves. The relative speed of a film is
indicated by the left to right position of the
characteristic curve on the graph. The fartherto the
left the curve is located, the faster the speed. The
farther to-the right—the slower the speed.
Contrast and exposure latitude. You can also
determine the relative film contrast and exposure
latitude by evaluating the characteristic curves.
Both are indicated by the slope of thecurve. A more
veftical slope indicates higher contrast and less

ekposure latitude, and a more gradual slope -

indicates lower contrast and

latitude.
Exercises (063):

Complete the following exercises based on the three
characteristic curves shown-in figure-4-4.
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Figure 4-4 Objective 063, exercises | through 8.
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I Which film has the highest background density?

. Which film(.), if any, has too much background
density?

3. Which film is the slowest?

. Which film would expost your patients to the
least radiation? -

5. Which film would cause the most strain on your
X-ray tube?

. Which film exhibits the highest contrast?

Which film provides the most exposure latitude?

8. Which film sacrifices the most detail?

(3¢

~

4-2. Intensifying Scréens

Our discussion of intensifying screens includes
their purpose, construction, significance of the
phosphor, and finally the procedures for
performing screen-film contact and screen lag tests.

064. State the purpose of intensifying screens; list
the four layers of an intensifying screen, and givethe
purpose of each.

Purpose of Intensifying Screens. As you know,
intensifying screens reduce the exposure necessary
to produce the desired density on a radiograph,
They reduce the exposure by converting the radiant
energy (X-ray photons) to visible light, which then
exposes the X-ray film.

Construction of Screens. An intensifying screen
consists of four layers of material—the base, the
reflecting material, the phosphor, and the protective
coating. '

.Base The base is a sheet of cardboard or similar
majerial that supports the rest of the screen.

Reflecting material. The reflecting material is a
thin layer of substance that reflects the light photons
emitted away from the film, back toward the film.

Phosphor. The phosphor is the chemical that
emits visible light when exposed to X-rays.

Protective coating. The protective coating is a
thin layer of plastic that prevents the buildup of
static, protects the phosphor, and permits the screen
to be cleanzd without damage to the phosphor.

Exercises (064):

I. What is the purpose.of intensifying screens?

2. List the four layers of an intensifying screen and
give the purpose of each layer.

065. Indicate the relationship between the
intensifying screen phosphor and screen
| characteristics.
Q
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Phosphor Significance. The layer of phosphor in
an intensifying screen is usually made up of crystals
of calcium tungstate. When X-ray photons strike
these crystals, the crystals emit visible light in the
blue-violet range of the spectrum. X-ray films
designed for use with intensifying screens are
particularly sensitive to the blue-violet light.

Screen speed. Depending upon the size of the
screen crystals and the thickness of the layer of the
crystals, intensifying screens are classified
according to their speeds. The speed reflects the
sensitivity of the phosphor layer to X-radiation.
“Slow,” “medium,” and “fast,” are common screen
speeds, although different manufacturers apply
other terms to their screens. The faster the screens,
obviously the less exposure needed to produce a
given density on a radiograph. As a rule, large
crystals and a thick layer provide a fast screen, while
small crystals and a thin layer reduce the speed of
the screen.

Detail. On the surface it.would seem that high
speed screens are best sinNcy permit shorter
exposure times, less strain on the X-ray tnb. ver -
exposure, and less radiation to the patient.
However, these advantages are realized only by
sacrificing detail on the radiographs, All
intensifying screens reduce the detail on a
radiograph below that obtained from direct film
exposure, and this reduction in detail is increased as
thie speed of the screens increases.

Notice in figure 4-5 that we have shown
illustrations of two layers of crystals of different
thicknesses. Notice that the visible light from some
of the phosphor crystals from the thick layeris more
diffused because the crystals are farther from the
film. The greater diffusion results in more
overlapping of the areas under exposure and,
consequently, less image clarity.

Figure 4-6 also compares the diffusion of the
light, but between large and small crystals. There s
more overlapping of the light from the large crystals
because they emit more light than the small crystals.

Exercises (065):

I. Describe the connection between screen spectral -
“emission and film sensitivity.

»

.. Of the three screen speeds listed in the text, which
one requires the least exposure for a specific .
examination? The highest exposure?

8]

3. Of the three screens listed in the text, which one
provides the best detil? The least?

\”
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4. in your own words. expiain the relationship
between crystal size. layer thickness, and detail.
/

&

5. Why do crystal size and layer thickness affect
detail?

066. Given a list of statements pertaining to &
screen-film contact test, indicate which are true and
which are false, If you indicate*false,” expiain your
answer.

Screen-Film Contact. Screens must be in close,
even contact with the film; otherwise. the film will
have a fnzzy appeararce, and there wili be adefinite
10ss of detail The detail loss is due to the increased
light diffusion from the crystals because they are
farther from the film. Sec figure 4-7. Poor screen-
fitm contact is generally caused by screen warpage
resuiting from moisture, loose fitting due to broken
hinges. improper sprng tension in the latches,
uneven surface caused by a foreign object underthe
screen, or defective cassette frames. Youcan test the
screen-film contact quickly and casily in this way:
place a piece of wire mesh on the outside of 2 loaded
cassette and make a flash exposure at about 5 mAs
and 40 kVp. After developing, inspect the image of

SMALL
CRYSTALS

Figure 4 5 Caomparison of hight diffuston between thick and thia layzrs of screen phosphor.

the wire mesh. If the contact is good, the image will
be sharp and clearly defined throughout the surface
of the film. If it is poor, the outline will be fuzzy,
with varying degrees of unsharpness. Figure 4-8
shows two wire mesh images. The one on the left
exhibits good contact; the onc on the right, poor
contact. Although the poor contact in the figure is
throughout the film, this may not necessarily be the
case. Poor screen contact can occur in only a small

area in the cassette, such as the center. Regardlessof -

the size of the area involved, if it causesa significant

loss of detail, the cassette must be repaired or -

replaced.
Exercises (066):

T F 1. A screen-film contact test is made to
determine if there is an increase in detail.

T F 2. Poor screen-film contactresults in less iight
diffusion from the phosphor crystals.” |

T F 3. To perform a screen-film contact tcst,,i
make a radiograph of a piece of wire mesh.’

T F 4. Unsharp arcas on a test radiograph
indicate good screen-film contact.

067. Given descripticns of the results of three
scresn Iag tests, evaluate the results and decermine if
screen Iag is present.

Screen Lag. One requirement of good screens is

LARGE
CRYSTALS

Figure 4-6. Comparnon of hight diffusion between large and small phosphor crystals.
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Figure 4-7. Poor screen contact showing increased light diffuston over the area of poor contact.

that fluorescence stops at the same time as does the
exposure. When screens continue to fluoresce after
the exposure has stopped, they are, said-to have lag
or phosphorescence, and the image from one
exposure is likely to be carried over to the next film
loaded into the cassette. Test for screen lag in these
ways:

a. Make an exposure and take the cassette into
the darkroom immediately. Remove the exposed
film and reload the cassette. Take the second film
from the cassette a few minutes later and developit.
If a density appears, there is screen lag, and the
screens should be replaced.

b. Expose an unloaded cassette and take it into
the darkroom immediately. Take a film from the
bin, cover half of it with black paper, and load it into
the cassette. Leave the film in the cassette for a few
minutes; then develop it. The half of the film
covered with paper will show no exposure. If the
half that was not covered by the paper shows an
exposure, there is screen lag, and the screens should
be replacad. :

Exercises (067):

" In the exercises below, evaluate the descriptions of
the radiographs and indicate whether or not screen
lag is present.

I. The film is not exposed.
2. An even exposure covers the entire film.
3. Half the film is exposed; the other half is not.

4-3. Film Processing

We assume you know by now the procedures for
processing radiographs; therefore, we will not spend
a great deal of time on the procedures. Most of this
section will be devoted to evaluation and
standardization of film processing. We will show
you how to spot some processing problems even
before the probiems affect the appearance of the
radiograph. In addition, we will discuss ways to
standardize all the processors in your department so
that you can process a particular radiograph in any
procéssor and obtain the same results. Our
discussion begins with a review of the chemustry of
film processing.

068. Given z list of the chemicals used in processing
radiographs, match each with selected statements
pertaining to their functions.

Processing Chemistry. Although several
chemicals perform various functions in the
developer and fixer, we can say that the general
functions of the.two are as follows: developer
reduces the exposed silver bromide crystals to black
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metallic silver; fixer removes the unexposed silver
bromide crystals from the film.

Manual developer. Basically, manual developer
consists of four agents: (1) activator, (2) reducers,
(3) restrainer, and (4) preservative:

a. Sodiumm carbonate, also called theactivatoror
accelerator, provides the alkaline base needed to
activate the other chemicals. It also causes the film
emulsion to swell and soften, permitting access to
the exposed silver bromide by other chemicals,

b. Metol and hydroquinone are known as the
reducing agents. Together they reduce the exposed
silver bromide crystals to black metallic silver.
Metol acts quickly on the crystals and builds the
gray tones of the image. Its action is unpiedictable
above 75° F. Hydroquinone is slower acting than
metol. It builds up the black tones of theimage, and
therefore brings out the film contrast.
Hydroquinone does not function effectively below
60 ° F. Manual developer should be maintained at
68° F. because of the sencitivi‘y of these two
chemicals.

c. Potassium bromide is the restrainer in the
developer. It limits the action of the reducing agents
to prevent development of the unexposed silver
bromide crystals. If a film is left in the developer too
long, the reducers will override the restrainer and
develop ine unexposed crystals, resulting in,
chemical fog. An important point to remember is
that bromine, which is a byproduct of the
development process, also acts as a reducing agent.
It continues to build up throughout the life of the
developer; consequently, there is no need to add
potassium bromide to the replenisher.

d. Sodium sulfite is the “preservative™ in the
developer. Its purpose is to prevent rapid oxidation
of the chemistry and thereby prolong the life of the
developer. .

Automatic developer. Basically, the automatic
developer chemistry is the same as manual
developer. Two chemicals, sodium carbonate.and
sodium sulfite, serve the same functions. Potassium
bromide also serves the same function, but is called
the starter solution. The starter is obtained
separately from the automatic developer; whereas,
the potassium bromide is included as part of the
manual developer package. As with manual
developer. potassium bromide is not included in
automatic developer replenisher. Two other
differences between the developers are as follows:

a. Metol cannot be used in automatic processors
since the developer temperature is higher than 75°
F.. usually 80° to 100° F. Phenidone in automatic
developer performs the same function as metol in
manual developer. Hydroquinone is present in
automatic developer and serves the same function
as in manual developer.

b. Automatic developer contains a““hardener”—
gluteraldehyde. The purpose of this chemical is to

control the swelling of the emulsion and thereby to
help prevent transport problems and damagzg to the
emulsion by the transport rollers.

Fixer. The fixer in both manual and automatic
chemistry contains four basic agents: (1) acidifier,
(2) clearing agent, (3) hardener, and (4)
preservative. The preservative is the same chamical,
sodium sulfite, and serves the same function as in
the developer.

a. Acetic acid, the acidifier, serves two functions:
(1) it stops development bt neutralizing the alkaline
developer solution and (2) it provides the acidity
required for the other chemicals to function.

b. The clearing agent in the fixer is either
ammonium thiosulfate or scdium thiosulfate. It
removes the unexposed silver bromide crystals from
the film emulsion by dissolving them into solution
as silver salts. Once the film is cleared, it can be

" safely exposed to light.

c. The hardener in the fixer is either aluminum
chloride, potassium alum, or chrome alum. It
shrinks and hardens the emulsion so that it can be
handled without damage.

Exercises (068):

Match the processing chemical in column B with the
appropriate statement in column A by placing the
letter of the column B chemical in the space
provided in'column A. Each column B item may be
used once, more than once, or notat all. Inaddition,
more than one column B item may match a single
column A statement.

Column A * Column B
—— L Turns the exposed silver a. Potassium alum.
bromide crystals to black b. Metol.

metallic silver. c. Sodium

—_ 2. Prevents chemical fog by thiosulfate.
limiting the action of the d. Gluteraldehyde.
reducing agents. . Sodium car-

(1]

—— 3. Hardening agent in the bonate.
developer. f. Hydroquinone.
—— 4. Starter solution. g. Potassium
—— 5. Removes unexposed crystals bromide.
from film emulsion. h. Sodium sulfite.
.— 6. Manual developing i Phenidone,
temperature is based onthese, j. Acetic acid.
— 7. Permits reducing agents’ eatry k. Ammonium
to the exposed silver bromide thiosulfate.
crystals. . Aluminum
—— 8. Hardens the film emulsion i chlonde.
the fixer. /ux
—— 9. Prevents oXjdation of7 the
chemistry.
— 10. Developer agent not added to
replenisher.
. 11. Doesn't work properly below
&° F.

— 12. Reducing agent(sy which .are
dependable when temperature
is above 75° F.
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069. State a common cause of inconsistent quality
in radiographs, and briefly explain the procedure
for evaiuating processors.

Evaluation of Film Processing. As you know, the
production of high-quality radiographs is
important in a radiology department. Equally
important is the consistent production of
radiographs of high-quality. Several factors affect
the consistency of the radiographs, and some of
them are explained elsewhere in this volume. One of
the most common causes of inconsistent quality of
radiographs is that film processing varies from day
to day and from one processor to another.

To identify the variations before they affect the
radiographs or to prevent the variations altogether,
you should check each processor daily, using a
sensizometric film strip. Basically, the procedure is
as foilows: the film strip is exposed to light so thata
series of densities are recorded on the film. After
processing, the densities of certain density steps are
determined with a densitometer and recorded on a
chart.

Exercises (069):

I. What is a common cause of inconsistent quality
radiographs?

2. Briefly explain the procedure for evaluating
processors.

070. Answer key questions pertaining to the
sensitometer and radiographic film when
conducting a processor evaluation test.

Sensitometer. The first requirement for
evaluating processors is to expose the filmstrips
with a device capable of producing repeated equal
exposures {rom one day to the next. Such a device is
called a sensitometer. Using a sensitometer, youcan
be assured that the filmstrips receive equal
exposures; consequently, a variation in film density
can be accurately traced to the processor. You
shouldn’t expose the filmstrips with a radiographic
unit because there are usually minor, day-to-day
variations in machine output.

Commercial ser itometers are available, but one
can be made at a relatively small cost. One
“homemade” sensitometer is described in an article
written by Trout, Kelly, and Anderson in
Radiolcgic Technology, Volume 43, No. 1, 1971,
pp. 15-19.

The precedure for exposing the radiographic film
in the sensitometer is relatively simple and depends
upon the device employed. Keep in mind that you
should eliminate as many variable factors as

Aruitoxt provided by Eic:
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possible in order to accurately evaluate your
processing systems. It follows that you should
reserve one box of radiographic film for the
evaluation to prevent minor variations from one
box of film to another from affecting the film
densities. Also, expose a fresh film daily and
immediately process it, since prolonged periods
between exposure and processing may also affect
the resulting film densities. If you have more than
one processor, cut the film into strips after exposure
and process a filmstrip in each processor. Be sure to
identify the processor on the film strip.

Exercises (070):

I When exposing radiographic films to evaluate
processors, why is it better to 12se a sensitometer
rather than a radiographic unit?

2. Why is it important to take your films from the
same box?

3. How long after exposure should you process the
filmstrips? Why?

071. Given a chart showing densities obtained from
filmstrips processed in three different processors,
evaluate the chart and answer key questions
pertaining to the test dats and results.

Evaluating filmstrips. Evaluation of the
filmstrips is, of course, the most important aspect of
the operation. We will discuss this aspect from two
standpoints: (1) using a densitometer and (2)
without using a densitometer.

A filmstrip exposed in a sensitometer, after
having been processed, appears similar to a
radiogrz ph of a step wedge; that is, there is a series
of density steps. With a densitometer you measure
specific density steps of the filmstrip to determine
film density, contrast, and base fog. Let’s look at a
typical filmstrip and see how to determine these
factors.

First of all, to measure the density, select a density
step between 0.9 and 1.2. These densities are located
on the portion of the characteristic curve that 1s
most sensitive to changes in processing. Let’s
assume the density step that suits our needs js 1.0,
This means that every day you measure the density
of that same step. The next step is to record the
information on a chart like the one illusirated in
figure 4-9. Notice on the chart that the density
remains near 1.0 and relatively stable until the
seventh day, when it begins to drop steadily. Notice
also the broken lines a: densities of 0.8 and 1.2.
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These lnes represent the density variation

tolerance, which 1n most cascs shoeld be about 0.2
above and below the normaldensity. As you cansce
trom the figure, the density has dropped below the
tolerance limit, has remained below, and continues
to drop. This pattern usually indicates processor
problems. Also, you are actually alerted to the
existence of a problem on day nine, when the
density began to drop. Keep in mind that, ona chart
such as this, the trend is the important factor. If a
density moves outside the tolerable limit but
immediately returns, it probably doesn’t indicate a
significant problem. A major benefit from using a
chart like this is that it alerts you to possible
processing problems before the problems affect the
radiographs. Thus, you can take the necessary
.corrective action before a group of radiographs is
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ruined by the processor. In the case of the processor
in figure 4-9, thc problem is obviously due to
incompletc development, which could be caused by
such factors as insufficient replenishment, low
developer temperature, or inoperative or
insufficient circulation. An increase in density
above the tolerance limit indicates such factors as
excessive development caused by strong solutions,
or high developer temperature. (NOTE: It should be
noted that the best way to determine the specific
problem with your processor is to refer to the
troubleshooting chart supplied by the
manufacturer. Possible causes mentioned in this
section represent only a portion of the most
common ones.) You can also plot densities from
film strips of more than one processor on the same
chart, as indicated in-figure 4-10,
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Figure 4-9. Sample chart for recording processor density (single processor).
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Exercises {071):

5

Complete the following exercises based on thechart in figure 4-11.
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Figure 4-11. Objective 071, exercises | through 3.

1. Which processor 1s the most consistent?

2. Which processor has a significant problem
causing underdevelopment? On approximately
what day are you alerted to the problem? On
approximately what day would you look for a
problem with this processor?

3. What would be your thoughts about processor A
on days three and fur? On day seven? On day
10? On day 17?

072. Given two charts showing contrast and base
fog from filmstrips processed in 2 single processor,
interpret the test data and resuits.

The processor contrast can also beevaluatedona
day-to-day basis much the same as the density. To
evaluate processor contrast, measure two density
steps on the filmstrip. One of the measured steps
should be the same step you used to determine the
density, as previously described. The other should
be a step with greater density, which falls on the
upper portion of the slope of the characteristic
curve. All you do is subtract the difference between
these two densities and plot the results onachart, as
shown in figure 4-12. A tolerance density of about
0.1 should be established. High contrast, shown by
greater difference between the two densities
measured, can be caused by high developer
temperature. After the temperature reaches -a
certain high point, a further increase in temperature
reduces the contrast. Low developér temperature
and improper safelighting also reduce the contrast.
The effect of developer temperature or contrast is
shown in figure 4-13, where the normal developer
temperature is 92° F.
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Figure 4-12. Sample contrast chart.
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Figure 4-13. Chart showing the effect of developer temperature on contrast.
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The base fog of a filmstrip is casily determincd by
measuring the density of the unexposed density step DAY
on the filmstrip. Fog also should be plotted on a |l 234 56 789101
chart, as shown in figure 4-14. Base fog should i
. remain consistent. Any appreciable increase should 03
be investigated. (Base fog is never lower than the ©
amount specified by, the manufacturer.) High o02Ft=l—t—--t+T4——r1t+ T
developer temperature increases the base fog. L.
Safelighting conditions also affect fog. Increased 0.1
exposure to safelights increases the base fog level.

Exercises (072):

Complete exercise #1 below based on the two charts
in’ figure 4-15. Both charts are of filmstrips
processed in a single processor.

Figure 4-14. Sample chart showing base fog of 0.18.
#
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Figure 4-15. Objective 072, exercise 1.

1. Based on the informaion in the text, what js the

probable cause of the change in contrast and
base fog?
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Complete exercise #2 below based on the charts in
fgure 4-16. Both charts are of filmstrips processed
in a single processor.
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Figure 4-16. Qbjective 072, gxcrcisc 2.

’

2. Bases on the information in the text, what is the
probable cause of the change in contrast and
base fog?

¥V

073. Indicate the disadvantsges and procedurss
involved in the evaluation of processors without
using a densitometer.

Up to this point, we have discussed evaluation of
processing using a densitometer. You can evaluate
your processing without a densitometer; however,
you are not likely to spot potential problems as
quickly 2s you would with charted densitometer
results. Without a densitometer, simply visually
compare the filmstrips with a base strip. Several of
the film manufacturers will provide you with a base
strip with which to compare your daily strips. By
placing the base strip and daily strips side by side on
“a viewbox, you can make a fairly accurate
comparison of the different steps. The most difficult
comparison to make is of the contrast, since you
must compare the différence between two<density
steps to the difference between two other density
steps. Densny and base fog steps are relatively easy
to compare since you only have to compare one
density stepto another,

Exercises (073):

1. What disadvantage results from evaluating
processing without a densitometer?

2. Explain how filmstrips are compared.

3. What specific factor is most difficult to evaluate
without a densitometer? Why?

074. Intérpret a given standsrdization chart
showing the densities of three processors plotted
over a 30-day period.

Standardization of Film Processing, Initial
standardization of all the processors in your
department is as important as daily evaluation of
the processing systems. You should be able to
process your films (except poss:bly for special films,
such as mammographies) in any processor and
obtain approximately the same density in contrast.

If you have a processor breakdown and must

process those radiographs in another processor, you
will quickly realize the importance of standardized
processors.

The best way to standardize your proccssors is to
use the density filmstrip test much the same as we
described pertaining to cuily processor evaluation,
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Figure 4-17. 30-day processor standardization chart. .

Use the strigs and plot the data on charts for
approximately 1 month before making any
decisions about differences between processors.
To standardize processor density, measure a
density step which falls between densities 0.9 and 1.2
as explained before. Plot the results ona chart for 30
days. The average density for the time period should
vary no more than 0.2 of the density step, as
previously explained. For example, if the density
step used is-1.0, the plotted density line should
remain between densities of 0.8 and 1.2. In
addition, the average densities of different
processors should be within a density of 0.2 of each

other. Figure 4-17 shows a sample 30-day chart on
rocessors. Processor B is good. Processors A *

thr
and B are separated,by a density of about 0.3, which
is too much variation. A and B are also above and
below the 0.2 tolerance respectively; consequently,
both i these processors should be aligned so that
their density 1s closer to that of processor A and a
density of 1.0.

When_ you have variations betwéen your
processors, such as seen in figure 4-17, there are
several things you should check. The first possible
cause of the variations is that the processor is not

t

being operated according to the manufacturer’s
recommendations. Underdevelopment can be
caused by such factors as low replenishment rates
and low developer temperature. Such factors as
high developer temperature and replenishment
rates are common causes of overdevelopment.
Another possible cause of ovcrdcvclopmdgnt, with
resulting increased density, is high developer
immersion time. Ymmersion time can increase in an
automatic processor if the transport gears, rollers;
or motor are not operating smoothly. Find out from
the manufacturer’s brochure what the immersion
timie should be for your processor. Check the actual
immersion time, using a timing device, and note
when the leading edge of a film enters and exits the
developer solution. 5

If after checking all the possible” causes of
processor variation indicated in the manufacturer’s
brochure, you can find*no reason for the variation,
increase the developer time slightly to increase the
density or decrease the time to decrease the density.
Do not make major changes in the developing time
without first consulting a processor and chemistry
manufactuter’s representative for advice.
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Exercises (074):

Figure 4-18 is an example of a processor
standardization chart, showing the 30-day densities
of three processors (A, B, and C). A density step of

1.0 was measured. Based upon the information
presented in the text, complete the following
exercises:
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1. Which processor is likely to produce the lightest

adi L)
radiographs? ,

variation from the measured density step?

’

*

3. Are the densities of any two processors separated
by more than the maximum allowable amourit?
If so, which ones? ‘g'

Figure 4-18, Objcc;(ivc 074, exercises | through 5. .

4. Which procc'ssor(s) should be checked for
possible problem(s)?

2. Which processor(s), if any, shows excessive

5. When troubleshooting the processor(s) you
indicated in exercise #4 above, what are three

possible causes of the problem(s)?
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CHAPTER S

Control of Film Qualiity

IN PREVIOUS chapters. of this volume we
discussed ,ome of the factors that affect the quality
of a radiograph. We discussed such things as the
geometrical factors, beam restrictors, grids, and
film processing. Now it is time to turn our attention
to the exposure factors. Basically, we will be
discussing two factors—mAs and kVp. Although
we will review some material that you are familiar
with, we will concentrate on problems you will face
as a quality cortrol technician. We begin this
chapter with a close look at density and contrast.
Next we discuss the mathematical concepts of
exposure and finally exposure systems.

5-1. Densily

We have already discussed several factors that
control film density, such as intensifying screens,
FFD, and film processing. As a general rule,
however, these factors, once established, remain
constant. We make most of the changes in film
density by altering the kVp or mAs simply becauseit
is more convenient to change them than to change
the other factors. Keep in mind that this discussion
on film density pertains to correcting the initial
exposure of a radiograph. In other words, we will
deal with things you need to know as a quality
control technician.

075. Given a list of statements pertsining to the
recognition of radiographs with correct density,
indicate which are true and which are false. If you
indicate “false,” explain your answer.

Acceptable Radiographic Density. Before you
can determine whether a radiograph has too little or
too much density, obviously you must first be able
to recognize the correct density on the radiograph.
How do you do this? One way would be to measure
the average density on each radiograph with a
densitometer. Since an average density of 1.5 is
about right for most radiographs, you could easily
determine if it is correct by using a densitometer. of,
course, we know this is not practical, so we must
look for another way.

Density of specific structures. Unfortunatcly,
there is no quick and easy way to learn what a
correctly exposed radiograph looks like because
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there are no clear-cut guidelines. Experience is
perhaps the best teacher of all. One important factor
is for you to know and recognize the specific
structures that should be derhonstrated on the
radiograph. It is obvious that;you cannot evaluate
the density of a structure if youcannot first locate it.
Let’s take an example. An AP radiograph of the
lumbar spine and an AP abdomen are taken to
demonstrate different structures. Since the spine
radiograph is taken to demonstrate the lumbar
vertebrae, the density of those vertebrae would be
important. But other structures are more important
on the abdominal radiograph, such as the renaland
psoas shadows, bowel pattern, etc. What all of this
means is that cvaluatlon of radiographic density
begins with rccogmtlon of the structures-involved.

Radiologists and density. Another important
factor (perhaps we should say *“an important
person™) that must be considered when evaluating
film density is your radiologist. Some radiologists
like radiographs with more density than do others.
In fact, the same radiologist may want different
radiographic densities from one ¢xamination to
another. For example, he may want his skull
radiographs a little darker than normal, or his chest
radiographs a little lighter than normal. We
strongly advise you to sit with yourradiologist as he
interprets radiographs to learn what he likes and |
dislikes in terms of density.

Exercises (075):

Indicate whether the following statements are true
orfalse. If you indicate “*false,” explain your answer.

T F 1. The average density on most radiographs
should be about 1.5.

TF2 Expcncncc is not advantageous in
recognizing correct radlographlc density.

T F 3. Knowing and recognizing specific
structures can help you to recognize correct
radiographic density.

T F 4. Two identical projections of the same body
part may require different densities.

T F 5. Density requirements vary from
radiologist to radiologist.

"




076.. State significant features of the procedures for
changing the density on & radiograph.

How To Change the Density on a Radiograph.

We base our discusion of changing film density on
the assumption that minimum amounts of mAsand
kVp are. mecessary  to produce a diagnostic
radiograph.of a particuiar part. In other words, if
too little s is used for a skull radiograph, no
increase mnkVp can compensate. If too little XVp is
used, no increase in mAs can compensate.

Let’s assume that you have a radiograph with -

incorrect image density. How do you change the
density? As previously mentioned, the most logical
factors to change are the kVp and mAs. Asa general
rule, for most density corrections you should
change only one of the factors when possjble. This
will reduce the posssibility of error, and you will

learn through experience how the factors separatcly

affect the radiograph.

Most improperly exposed radiographs in a
department that has good technique charts have
sufficient kVp or mAs to be diagnosdc. In cases
such as this, you can either change the kVp or mAs.
to correct the density. One thing you should always
keep in mind is that the way radiographic contrast is
affected depends upon what you change. W¢é will
discuss"contrast later in this chapter.

When evaluating a radiograph to determine how
to correct the density, it is a good idea to also
consider the kVp and mAs used. By doing this, you
aremore likely tomake the right decision. Let’s look
at an example. Suppose a radiograph of the skull
shows good background density. Good background
density can be an indication of sufficient mAs.
Further suppose there is not sufficient image
density, which means that the structures are too
light for clear demonstration. This could be an
indication of insufficient kVp. If, after evaluating
the exposure factors used, you find the kVp used
was below normal, you can almost be certair: that
more kVp is required. Suppose thatin another skull
radiograph the structures are demonstrated but are
not dark enough, and the background density is
insufficient. If a review of the exposure factors
shows low mAs, the mAs probably should be

~ increased.

If a radiograph is overexposed, it is usually more
difficult to determine the cause. A careful
evaluation of the exposure used is often the best
course of action. A$ you no doubt have assumed
by now, there are few clear-cut rules to follow with
regard to changing the kVp or mAs or both when
altering film density. In addition to the information
already presented here, the best advice we can give
you is to take advantage of every opportunity to
leain how kVp and mAs affect a radiograph. If you
make a change to improve a radiograph, check.the
results. This will help you considerably. You may
even want to keep 2 log of some of the cases so that
you can review them collectively.
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Exercises (076):

Answer the following questions or fill in the blank
spaces as appropriate.

1. To produce a radiograph you must use

a—— amount of mAs and kVp.
2. To change the density or a particular radiograph
you normally should change either . or
but not

3. Why should you changc only one factor to
change density?

4. Do good technique charis provide more
flexibility in changing density? Explain.

5. Name three factors you should consider when
deciding whether to change density with mAs or
kVp.

N

6. Background density can be an indication of
sufficient or too little .

7. It is easier to determine the cause of an
radiograph than the cause of one which is

8. A good way to learn how the changes you make
to a technique affect’ radiographic density is to
the of your work.

‘

077. State thec basic rell't?omhips between mAs,
kYp, and radiographic density.

mAs-density. relationship. You have no doubt
heard many times that you should double the mAs
to double the radiographic density and halve the
mAs to halve the density. Let’s see if this is true.
Figure 5-1 shows the characteristic curves of two
different X-ray films. Notice in curve A that a
change from 1.0 to 2.0 in the density requires a
change of from 10 to 18 mAs. In curve B, an increase
in mAs from 15 to 48 is required to increase the
density from 1.0 to 2.0. As you can see from these
two. characteristic curves, the rule previously
mentioned is not completely accurate. The best way
for you to determine what change in mAs will
double or halve the density is to refer to the
characteristic curve of your particular brand of film:.
For most X-ray films, the mAs-density relationship
is near enough to the previously mentioned rule to
use it. Such is the case with curve A in figure 5-1. As
a rule, in this CDC we will base the discussions of
technique compensations on such films.

It should also be noted that around the shoulder
and toe of the characteristic curve the changes in
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relative exposure are considerably different from
the changes along the slope of the curve. Notice in
curve A, figure 5-1, that when a film is very dark,
with an average density, for example, of 3.4 halving
the mAs (from 128 to 64) reduces the density only by
approximately 0.1.

kVp-density relationship. As you know, the
characteristic curve of an X-ray film shows the
relationship between the mAs and density.
Unfortunately it does not reveal the relationship
between kVp and density. Therefore, we are left
with a rule-of-thumb to follow when we alter the
kVp to correct the density on a radiograph. The rule
is actually based on the relationship between kVp
and mAs. Since we know from our characteristic

03 06 09 12 15
LOG RELATIVE EXPOSURE
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Figure 5-1. Characteristic curves of two different brands of X-ray films.

curve the relationship between mAs and density, we
can predict the relationship between kVp and
density.

The rule is to add 15 percent of the kVp todouble
the density and subtract |5 percent of the kVp to
halve the density. Subtraction of 15 percent of the
kVp represents a decrease of 50 percent in the mAs,
and addition of 15 percent of the kVp is the sameas
doubling the mAs. This rule-of-thumb is based on
the assumption that the characteristic curve of your
X-ray film is similar to curve A in figure S-i—that
is, doubling or halving the mAs approximately
doubles or halves the density.

Exercises (079):




e~

1. How can you determine the exact mAs change
required to make a specific change in the film
density?

«.2. If theaverage density ona radiograph is very low
(around 0.3), what relative mAs change,

significantly increase the density?
4

3. For most X-ray films, how should you alter the
mAs to double and halve the average density ona
radiograph?

4. For most X-ray films, how should you alter the
k\;? to doubie and halve the average densityona
radiograph?

5-2. Contrast

Our discussion of contrast includes a definition of
contrast, a description of the types of contrast, the

078. Define contrast, and given descriptions of
three radiographs, compare their contrast
properties.

Definition and Types of Contrast. Contrast is
defined as “‘the visible difference in density between
the areas or structures on a radiograph.” A good
example of the absence of contrast is a film thathas
been exposed to room light and processed. Only one
density is present; consequently, there is no
contrast. Contrast is classified as either “short-
scale” or “long-scale.”

Short-scale contrast. If the number of useful
densities on a radiograph is small, and the change
from one density to another is abrupt, the
radiograph is said to have short-scale contrast. This
type of contrast is also referred to as high contrast.
See figure 5-2.

Long-scale contrast. If the number of useful
densities on a radiograph is large and there is little
change from one density to another, the radiograph
is said to have long-scale contrast. This type of
contrast is also referred to as low contrast. See
figure 5-3.

Relative properties of contrast. You should
realize by now that there is no definite line
separating the two types of contrast. Contrast is a
relative measure of the difference between densities
on a radiograph. A particular radiograph may
exhibit short-scale contrast when compared to

compared to a density of L5, is required to

factors affecting it, and finally howitis controlled.-

"Figure 5-2. Short scale or high contrast.

another, but its scale of contrast may be long when
compared to a third radiograph.

Exercises (078):
1. Define radiographic contrast.

Suppose there are three radiographs of the same
part with different scales of contrast. Eleven
different densities can be seen on radiograph A with
little change from one density to the next. Only five
different densities can be visualized on radiograph B
with considerable change from one density to the
next. Radiograph C shows eight different densities
with proportional changes between densities. Based
on the information presented in the text, answer
exercises 2 through 6 below.

2. Which of the three radiographs has the lowest

contrast?

3, Which of the radiographs has the highest
contrast?




4. In comparison. of radiographs B and C, which
- o exliibits long-scale contrast?

5. In comparison of radiographs A and C, wkich
exhibits long-scale contrast?

]

6. In comparison of radiographs A and C, which
exhibits short-scale contrast?

079. Correlate structure thickness, atomic number,
and density with radiograph contrast.

Factors Affecting Contrast. There are three
major factors that affect radiographic contrast—
film contrast, subject contrast, and film foz. Film:
contrast is a photographic property of the X-ray
film itself and is evaluated by referring to the
characteristic curve, as discussed in chapter 4. So we
begin our discussion with subject contrast, and
conclude with film fog.

Subject contrast. Subject contrast depends upon
the selective absorption of X-ray photons. When a
beam of X-radiation is directed toward a, body
region, such as the chest, some parts of the region
absorb more X-ray photons than do others. Four
example, the heart absorbs more photons than does
the lung tissue. Consequently, the parts of the film
beneath the lung tissue receive more photons and
when processed appear darker than the heart. This
difference in absorption by various body parts is
called selective absorption and results in different
densities, or contrast, on a radiograph. Several.
factors affect the selective absorption of photons
and consequently the type of radiographic contrast.
The first factor we will discuss is the difference
between thicknesses of structures:

a. If three structures, identical except for
thickness, are interposed between an X-ray fubeand
film, the thicker structure absorbs more X-ray
photons, as shown in figure 5-4. An example of this
is an AP radiograph of the leg. The fibula, which is
thinner than the tibia, absorbs fewer photons than
does the tibia. Consequently, the fibula appears a
little darker on the radiograph. The greater the
difference in part thickness, the greater the
difference in the densities 2ppeatring on the
radiograph—or the higher the contrast.

b. The atomic numbers of the various structures
also affect the selective absorption of photons. The
greater the difference between the atomic numbers,
the greater the absorption difference—
consequently, the higher the contrast on the
radiograph. The reason. for the difference in
Figure 5-3. Long scale or low contrast. abgorption is that the high&(hc atomic number, the
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Figure 5-4. Comparison of the difference between absorption of photons by structures with different
thicknesses.

greater is the absorption because of the’
photoelectric effect. The atomic numbers for bone,
muscle, and fat are approximately 12, 7.5, and 6
respectively. You can see why there is relatively high
contrast between bone and muscle or between bone
and fat, while there is relatively low contrast
between muscle and fatty tissue.

¢. The difference between the densities of
structures is another factor that affects the selective
absorption of photons. By “density” we mean the
number of atoms per unit area. The greater the -
difference between the densities, the greater the
difference in absorption—consequently, the higher

the radiographic contrast.

Exercices (079):

1. Generally speaking, howdo these three factors—
structure thickness, atomic number, and
density—affect the contrast on a radiograph? -«

]

2. Suppose you take two AP radiographs of theleg
(tibia and fibula)—one of the proximal leg and
one of the distal leg. With all other factors
remaining the same, on which radiograph would

. there be less contrast between the tibia and
fibula? Why?

. If you take a radiograph of a part containing
muscle, fat, and bone, which of the three
structures absorbs the most photons? The least?
Why?

(9]

Three radiographs are made. Radiograph A shows
hone and muscle, radiograph B shows bone and
fatty tissue, and radiograph C shows muscle and
fatty tissue. All other factors, kVp, and thickness of
structures are equal. Based on the information in
the text, answer excrcises 4, 5, and 6 below.

4. Which radiograph exhibits the highest contrast?
5. Which radiograph exhibits the lowest contrast?
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6. The less the difference between structure density,
the — the contrast on the radiograph.

080. Given descriptions of three radiographs,
determine the relative kVp used for each and select
the one exhibiting the highest contrast.

The most important factor to you—moet
important because you have direct control—that
affects the selective absorptions of photons is the
penetrative ability of the primary beam. Whether
we say “penetrative ability” or “wavelength” or
“energy,” it all boils downto the kVp selected on the
control panel.

Let's sec how kVp affects the selective absorption
and contrast on a radiograph. Figure 5-5 shows two
equal parts, exposed to two different beams of
X-radiation. As shown, 10 photons spproach each
step. Suppose that at 40 kVp 2 photons reach the
film beneath step #1, and 5 photoms reach the film
beneath step #2. This would mean that step #1
transmits 40 percent fewer photons than does step
#2. If the kVp is increased to 80, more photons
penetrate both steps as shown, but there is a greater
increase in the transmission theough step #2 than in
step #1. We show four photons reaching the film

through step #1 and nine photons through step ¥2.
In this case, step #! tranemits 44 percent fewer'

photons than does step #2. This psrcentage change
in the selective absorption of photons results in a
proportionate change ia the coatrast on a
radiograph.

The specific type of contraset that high orlow kVp
produces should aleo be obvious to you by now.
Refer again to figure 5-5. ¥ we consider the density
of each step on the film to be a result of the number
of photons transmitted through the step, there
would be a greater difference between the densities
of the steps at 40 kVp than at 80 kVp. This greater
difference, of course, means higher contrast.

Exervcises (080):

Three radiographs are made of a chest, using 50, 80,
and 100 kVp. The mAs is varied to compensate for
the kVp difference, and all other factors remain the
same. The densities of the ribs and the lung tixsue
are as follows:
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Radiograph A - rib density 1.0 - lung density 2.7
Radiograph B - rib density 1.2 -lungdensity 2.3
Radiograph C - rib density 1.5 - lungdensity 1.8

Based on the information p'rescntcd in the text and
the above data, complete the following exercises.

1. With which radiograph was the 100 kVp used?

2. With which radiograph was 80 kVp used?

3. With which radiograph was 50 kVp used?

4. Which radiograph exhibits the highest contrast
" between the ribs and lungs?

081. Define “film fog,” and indicate the elfect of
film fog on radiographic contrast.

Fog. Film fog—whether caused by scatter

radiation, by improper processing, or by exposure

. of the film to either light or to radiation leaks—

reduces contrast on a radiograph. Since we have

previously discussed ways to reduce film fog in

other chapters of this volume, our discussion here is

limited to an explanation of what fog is and of how

it affects contrast and demonstration of certain
structures.

“Film fog” is a density on a radiograph that is not
caused by deliberate film exposure. Ideally, image
density and the variations in image density
(contrast) are caused by selective absorption of

@X-my photons. Fog density, on the other hand, is
‘not selective in nature. It usually appears evenly
distributed over the entire film.

Because of its even distribution, the fog on a
radiograph completely obscures some structures
and makes others difficult to see. To illustrate how
fog affects a radiograph, figure 5-6 shows three
drawings, representing radiographs of a step wedge.
Drawing A shows no appreciable fog. Drawing B
represents the addition of a layer of density.
Drawing C shows yet another layer of density. If

40 kVp 80 kVp
10 10
{10 {10
* l *1 l
#2 L)
2 5 4 9

Figure 5-5. Hlustration showing how kVp affects the selective
absorption of X-ray photons.

Figure 5-6. The effect of fog upon contrast and visualization
of structures.

you compare the three drawings, you can see how
the contrast has been lowered. Noticealso that some
steps that were easily distinguished in drawing A
begin to “disappear” as fog is added. A good
example is the loss of contrast between sieps 4and 5
in drawing C. You can no longer see any contrast
between the two. The reason the structures
disappear is that once a certain density is reached,
our eyes can no longer pick up differences between
densities.

Exercises (081):
1. What is film fog?

&

2. Specifically, how does the addition of fog affect
the contrast on a radiograph?

3. How can the addition of fog to a radiograph
cause some structures to disappear?

082. Given the kVp and mAs values used on a
radiograph, change the factors to both raise and
lower the contrast of the radiograph. )

How to Change Contrast on a Radiograph. There
are times when your radiologist wants a “properly
exposed” radiograph repeated with more, or with
less, contrast. By “properly exposed,” we mean the

89




y.

2

radiograph has the correct average density. You
should realize by now that to change the contrast,
you should change the kVp—increase the kVp to
lower the contrast and lower the kVp to increase the

.contrast. In addition, you must make a

compensatory change in the mAs to maintain the
correct density.

You may have heard in the past that you can
increase the kVp by 10, halve the mAs, and end up
with two radiographs equal in overall density. This
“rule” is based on the assumption that density
changes o0a a linear scale if changes are made in the
kVp. This assumption is inaccurate. Changes in
density resulting from changes in kVp are
nonlinear. Therefore, to make a specific change in
film density by changing the kVp, you must use a
percentage of the kVp.

A good rule of thumb to follow is to increase the
kVp by 15 percent and halve the mAs or lower the
kVp by 15 percent and double the mAs. For most
brands of radiographic film, these changes will
maintain the same approximate density on a
radiograph while changing the contrast.

Exercises (082):

A radiograph is made using 80 kVp and 40 mAs.
Use this data and the information presented in the
text to complete the following exercises.

I. What would be the new mAs and kVp if the
* contrast needs to be lowered?

2. What would be the new mAs and kVp if the
contrast needs to be raised?

5-3. Mathematical Concepts of Radlographlc
Expogure

It would be convenient if we could use the same
exposure factors for each examination. For
example, if all skull radiographs were performed on
patients who could cooperate and maintain the
positions with ease, we would have few problems.
But we know that it doesn’t happen that way. We
often radiograph skulls on patients who are
seriously injured, or on patients intoxicated to the
point where they cannot cooperate, or evenon small
children. For some of these patients we mustchange
from cur routine exposure factors to prevent part
motion. Although this section is short, the
infermation should enable you to make
compensations to your exposure (mA, mAs; sec, or
FFD) by calculation, rather than by guesswork.

o

083. Apply the mA-sec formula to two sets of
exposure factors and calculate the new mA if the
)

exposure time is changed and calculate the new
exposure time if the mA is changed.

mA and Exposure Time. As you know, mA and
exposure time directly influence radiographic
density. The time of exposure, however, has
additional significance when patient motion, either
voluntary or involuntary, must be controlled to
obtain optimum detail. Motion is one of the greatest
deterrents to good radiographic detail. Whether the
motion is voluntary, as in pediatric cases,
controlled, as in respiration,—or involuntary, as in
peristalsis of the organs (ureters or bowel), beating
of the heart, or muscle spasms—you must consider
motion when you select the exposure factors to be
used. The correct combination of sec and mA is one
of your most effective means of controlling
undesirable motion and thus enhancing image

. detail.

Expressed mathematically, the mA-sec
relationship is mA :mA; : :secy :seci. To maintain
a given him dcnsny, the mA required is inversely
proportional to the time of exposure, when all other
factors are kept constant.

Now let’s apply this to a working situation.
Suppose your standard technique for a lateral skull
is 100 mA at 1/10 sec. Further, suppose there is a
change from the normal working situation; for
example, that as a result of trauma received in an
automobile accident, the patient is semiconscious
and unable to cooperate fully. Motion due to
respiration and possibly to muscle spasm has
become a factor to consider. In an effort to reduce
this motion, you can reduce the normal exposure
time. Let’s say you want to reduce the exposure time
to 1/20 sec. By applying the mathematical formula
for mA and sec, you are able to derive the new mA
required. Consider the following:

mAyimAz: isect .sec)
100: x:: 1/20: 1/10
1/20 x =
x =200

Consequently, your new mA is 200.

You can also find your new exposure time if, for
example, you want to chanige the mA station. Use
the same formula stated above.

Exercises (083): -
“
1. Suppose your technique chart calls for 50 mA
and 1/10 sec for a particular radiograph.Your

patient is uncooperative and you wish to use
1/30 sec. What is your new mA?

I,
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2. Suppose your technique chart calls for 600 mA
and 1,40 sec and you wish to use the small focal
spot that has a 150 mA output. What is your new
exposure time?

084. Applying the appropriate formula to five sets
of exposure factors, determine the new mAs, mA,
exposure time, or FFD,

FFD and Density. As we have discussed before,
X-rays diverge from, the_focal spot, traveling in
straight lines. Thus, the X-ray beam covers an
increasingly larger area as the FFD increases and
vice versa. This change in field size, however, results
in a change in the number of photons per unit area,
providing all other factors remain constant. When
FFD increases, radiographic density decreases; and
as the FFD decreases, film density increases. In
order to maintain the desired density, then, the
quantity of radiation produced can be manipulated
to compensate for changes in FFD. Since mAs
controls the total quantity of X-rays produced,
appropriate changes in this factor can be made to
maintain film density and compensate for changes
in FFD. .

This proportional relationship between mAs and
FFD can be best expressed in a mathematical
formula, which is referred to as the mAs-distance

Jormula. A verbal reading of the formula would be:¢
The original mAs (mAs:) to the new mAs (mAsz) as -,

the original FFD squared (FFD/’) is to the new
FFD squared (FFD:"). You can determine any one
of the four factors by using this formula.

A practical application of this formula is as
follows: Suppose the technique chart normally
specifies a technique of 10 mAs using a 72-inch
FFD; however, because of equipment limitations
and the patient's condition, you are unable to obtain
the recommended FFD, but instead must use a 36-
inch FFD. What new mAs factor will be required to
maintain the original film density? Let's substitute
the known technique values into the formula:

mAs\ .mAs: . :FFD* :FFD?

10, x:.722 .36
10 x:.5184:129
5184 x = 12960
x= 25

Therefore, your new mAs would be 2.5.
Since mAs is the product of mA times exposure

time, this same formula represents the mA-distance’

or time-distance relationships. All you have to do is
to substitute mA or seconds for the mAs and
proceed as usual with the formula. Although you
will have to use the mAs-distance formula to

determine certain technique changes, you zan make
a few changes withour using the formula. Just keep
in mind that twice the distanc# requires four times
the exposure, and that half"the distance requires
one-fourth the exposure.

Exercises (QM):

I. What will your new mAs be if your original mAs
was 12.5 at a 40-inch FFD and you wish to
change the FFD to 48 inches?

2. .lf your technique chart calls for 10 mAs at a 40-
inch FFD and you wish to reduce the mAs t0 2.0,
what is your new FFD? .

3. Suppose your technique chart calls for 1/60 sec
at a 36-inch FFD and you wish to change your
Atime to 1/40 sec. What is your new FFD?

4. What will your new mA be at a 36-inch FFD if
your old mA was 100 at a 72-inch FFD?

5. What is your exposure time at a 36-inch FFD if
at 72 inches it is 1/5 sec?

5-4. The Standardization of Exposure
Techniques

N In order to insure consistent film quality and to

provide accurate guides for the selection of all

exposure techniques, each radiology section should

have a standard system of exposure factors. The
establishment of such a system is one of the greatest
challenges confronting technicians, although it is a
problem that could be solved easily if a universally
correct exposure technique for each part could be
prescribed. But, unfortunately, a universal
technique is not possible because of several
variables, includingzthe output and the capacity of
X-ray machines, the types of exposure devices, the
speeds of films and screens, and the preferences of
radiologists. Because of these variables, you must be
able to prepare and correct your own standard
system of exposure factors. This section is intended
to help you do so.

085. Name four requirements of an exposure
system and explain how each is met.

Requirements of a Standard Exposure System. A
standard system of exposure techniques must meet
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these four basic requirementss (1) it must produce
consistent results; (2) it must provide adequate
exposure of the film; (3) it must possess a certain
degree of flexibility; and (4) it must provide for the
desired range of contrast.

Consistent results. One rcquxrcmcnt of an
exposure system is that it must produce consistent
results. By consistent results we mean, for example,
that two chest radiographs taken of the same patient
2 months apart will appear the same—the same
contrast and density. This is very important incases
where followup radiographs are performed to check
progression or regression of pathological
conditions.

To preduce consistent radiographs from one day

to the next, you must have technique charts unless
you are the only technician in your department and
have a “pushbutton” memory. In addition, all
technicians in the department must use the charts.
The purpose of-technique charts i§ defeated if some
technicians are allowed to use their “own”
techniques.

Sufficient exposure of film. In order to produce
satisfactory density, a technique must provide for
adequate exposure of the film. This requires proper
selections ‘of both mAs and kVp. First, there must
be enough radiation in the primary beam to créate
silver deposits on the film. Therefore, a minimum
mAs value, must be established for each part.
Secondly, if the primary radiation is to reach the
film, the part must be adequately penetrated. Even
though tke quantity of the beam is sufficient, the
image cannot be projected on the film if the part
absorbs too much or all of the primary beam. It
follows that a minimum kVp value must also be
established for each part.

Flexibility. Because exposure techniques must be
frequently changcd to compensate for the
conditions of patients, for differences in accessory
devices, and for other factors, a system of exposure
techniques should be reasonably flexible. For
example, a basic technique selected at the hxghcst
’ kVp on your control panel would not permit an
increase; and on the other hand, a tcchmquc
selected at the minimum kVp would not permit a
reduction. This means that the mAs and the kVp
must be kept within a range from which either may
be increased or decreased.

Desiréd contrast range. Any system of techniques
must be able to produce the preferred range of
contrast within the capabilities and limitations of
the machines and other equipment. Of course, the
kVp range is the basic determining factor here.

Exercises (085):

In exeicises 1 through 4 below, name four

requirements of an exposure system and tell how "

you can help insure that each requirement is met.
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086. Cite specific facts about variable kVp
techniques.

Types of Exposure Systems. In modern
radiography three basic types of exposure systems
are in general use: variable kVp techniques, fixed
kVp techniques, and high kVp techniques, which
can be classified as variable or fixed kVp.

Variable kVp techniques. Under the variablekVp
techniques system, the mAs remains constant for
each part, and .the kVp is varied according to ) part
thickness in centimeters. For this reason, it is
sometimes referred to as a tissue-thickness
technique. One disadvantage of this exposure
system is that the contrast varies slightly because the
kVp changes from one examination to another.
However, it is a popular system and relatively easy
to apply.

Let’s see how to build a variable k /p technique
chart. Suppose you decide that for an average-sized
adult 20 mAs is sufficient to produce adequate
exposure of the film and in combination with the
necessary kVp produces the desired scale of
contrast. All you need do is to determine the kVp for
each centimeter thickness of the skull. For example,
suppose you determine by trial and errof that the
exposure factors of 20 mAs and 80 kVp produce the
desired density and contrast for a PA skull that
measures 18 cm along the CR. Chart all the
information on a wotking chart. From this starting
point, you can perhaps establish the
kVp/centimeter relationship for other
measurements of the skull. You may have to add or
subtract 2 kVp for each centimeter change. If so,
you would use 82 kVp for 19 cm, 78 kVp for 17
cm, and so on. Keep in mind that the centimeter
measurement is through the path of the CR foreach
projection of the skull.

The two kVp change for each centimeter of part
thickness given in the example above may.or may
not work for some body parts. Usually, kVp
changes of from one to four are made, depending
upon the part and the kVp range—the greatest
change per centimeter is required when high kVp is
used and for denser parts.
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Once you determine the correct exposure factors
for 2ach part, construct a technique chart, post it
near the control panel, and insist that everyone use
it. Any type of chart can be constructed as long as it
provides the necessary information. Figure 5-7
shows how the example we discussed might look on
a technique chart.

You can also construct a plus factor techhique
chart that permits you to determine the correct kVp
without referring to the chart for every
measurement. Let's take our example of the skull
again. Eighty kVp is used for 18 cm. Multiply thecm
thickness by two—which gives you 36. Subtract 36
from 80 (your kVp at 18 cm). This gives you a plus
factor of 44 for all projections of the skull. Now
when you measure the CR for a projection of the
skull, all you have to do is double the cm thickness,
add the plus factor, and you have your kVp.
Expressed as a formula, tie plus factor-kVp
relationship for this example looks like this:

S

kVp =2 X cm + 44

SR8+ 44
= 36 + 44
= 80

Keep in mind that the plus factor is determined from
a good working exposure and may vary from part to
part.

Exercises (086):

Complete the following exercises pertaining to
variable kVp techniques by filling in the blank
spaces with one word or by answering the questions,
as appropriate.

I

1. The same is used for each part.
2. What determines the kVp for each radiograph?

3. What is a disadvantage of this type of exposure
system?

4. Give one advantage of this exposure system.

.

5 How do you determine the starting technique for
a given measurement of a part?

£
6. When you vary the kVp for parts larger or
smaller than average, a kVp change from
to per centimeter is usually necessary.
What is the advantage of using the plus factor to
determine kVp?

-~

8. What is the kVp for a projection if the part
measures 20 cm and the plus factor is 38?

9. What is the plus factor for an examination if 64
kVp is used for 12 cm?

-

087. Given a list of statements pertaining to fixed
kVp techniques, indicate which are true and which
are felse. If you indicate “false,” explain your
answer. ?

v

Fixed kVp techniques. An exposure system that
is rapidly becoming more popular. involves fixed
kVp techniques. Under thissystem,the XV'p remains
constant for a particular part, while the mAs is
varied. The kVp is established on the basis of its
satisfactory penetration of that part. The mAs is
selected to provide satisfactory density for each
part, according to its average thickness in
centimeters. For parts smaller or larger than the
average, the mAs is varied—generally, it is raised or
reduced in increments of 25 percent. Fixed kVp
techniques, whean properly corrected and worked
out to the desired mAs refinements, have one
outstanding advantage: they provide consistent
contrast for all examinations of a particular part
because the kVp . is constant. The one major
disadvantage is the amount of time and effort it
takes to prepare these techniques. In order to
establish the mAs selections, it is necessary to keep
accurate records of all radiographs; the record of
each should indicate the exposure factors used, the
part thickness, and the results of the exposure. Only
in this way can techniques be corrected and

] .
part |Projection | Grd |Screens| FFO | MAS CMS/kVp Remarks
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Figure 5-7. An example of lechnique chart format.
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finalized. Weeks, perhaps months, are required to  compensate for factors such as use of a differerit

do this. grid, use of an extension cylinder, the presence of a
\ . A . -cast, or patient’s age, specify the change in exposure
Exercises (087): factor to be made. .

Indicate whether the following statements
pertaining to fixed kVp techniques are true or false.
If you indicate “false,” explain your answer,

¢ Compensating Factors. No exposure system is
complete without a list of compensation factors to
apply when you must make changes-n the exposure
because of a different grid, the presence of a cast, the
use of an extension cylinder, ‘or the patient's age.
Table 5-1 shows these compensation factors.

T F 1. kXVp is constant for each part. -
T F 2. miAs varies depending upon the size of the™
part.
T F 3. A change from 40 to 50 mAs for a larger  Exercises (089): )
part is appropriate. : Compl : : : .
| . plete the following exercises, stating the
TFE4 Sontrast Is consistent for all body parts. compensation’ factor to be used in each specific
T F 5. These techniques are easy to prepare. situation
I If your kVp is 75 with a 8:1 grid and you wisk'to

088. Explein what is meant by high &Vp . change to a 5:1 grid, what-is your new kVp?
techniques, and list three advantages of their use.

High kVp techniques. High kVp techniques are ‘
basically high kVp-low mAs exposures and can be . ) )
applicdytogcithcf VAt k\ep or fixed kvp 2 lfyourkVpis92witha 5:1grid and you wxsh?to
exposure systems. How high is high kVp? Actually change to a 12:1 grid, what is your new kVp?
it depends upon whom you ask. The best
explanation of the matter is that high kVp is the
highest kVp you can use and still produce good
diagnostic radiographs that satisfy your radiologist,
It could be 80 kVp for one examination and 120 for
another.

3. If your kVp is 120 with a 16:1 grid and you wish
to change to a 5:1 grid, what is your new kVp?

High kVp is used in many radiology departments
for the following reasons: (1) there is less absorption
of photons by the patient, (2) the target of the X-ray .
. tube ic subjected to fewer heat units per exposure,

and (3) there is greater exposure latitude.

Exercises (088):
I. What are high kVp techniques?

4 If a cast was applied to a patiént‘i leg 18 hours
ago, how much mAs should you use on the leg if
the mAs without the cast is 10?

5. By what percentage should youincrease themAs
when using an. extension cylinder?

2. List theee advantages of high‘ kVp techniques. ]
‘ : 6. What percentage of the adult mAs should you

« use for the following patients?
a. Birth to | year.
089. Given various specific situations when it is b. Six to 9 years.
necessary to make changes in the ‘exposure to ‘c. Over 55 years.

17y
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TABLE 5-1 -~

COMPENSATING FACTORS ' o
TN ' .

Compensaﬁi%y Factors for Grid Changes «

' . s ..
Grid Change ' v " Conveffston
. Vo 2 .
Nongrid to 5:1 N (-- Increase kVp by
Nongrid to 8:1 ----------------------+ Increase kVp by
Nongrid to 12:1 ----=--=-----=--- s Increase, kVp by
Nongrid to 16:1 ------------=----=-"=- Increassz.kVp by
5:1 to 8:1 -----= D LR LT TP E T Increase kVp by
5:1 to 12:]1 ---=--m-mcermmammame e mna Increase kVp by
5:1 to 16:1 -------------------------- Increase kVp by
8:1 to 5:1 -------=cmmcemaan - Decrease kVp by
. 8:1 to 12:1 ---=----==------ R Increase kVp by
8:1 to 16:1 --------=------~ - -- - i Increase kVp by
12:1 to 5:1.-----cmmcemananmao Lee--- Decrease kVp by
12:1 to 8:1 -----s----------=--=------ Decrease kVp by
12:1 to 16:1 --=====-m-mmmccmmcmmemmee Increase. kVp by
. , ) .
16:1_f9 5:1 --2---vcunu-- R --- Decrease kVp by
16:1 t0 8:1 --=--=cc-mmmmcmmmmmman ~--- Decrease kVp by
16:1 0 12:1 ----¢--cmmmcmii i Decrease kVp by
\\ Compensating Factors for (Casts
Wet cast (cast applied up to 3.5 times mAs o
12 hr.) --=-=--=me---- L T to 20 kVp
. Dry cast (anything over . 2.0 times mAs- o
12 hr.) ------- Sl R ~to 14 kVp:
Compensating Factong+far a Cylinder
a R oy S )
Adding a cylinder ---M-----m---oa-a --- Increase mAs by
Removing a cylinder -------- --===-%==- . Decrease mAs Qy
* R ) AV, ‘\
Compensating Féctorg\for Age Differencé

Birth to.1 yr. ---------- B it Use 30% of the

2 t05 yr, ------emcmcm e eea Use 60% of the

6 to 9 yr, ----------e---emmamon +---- Use 70% of the

10 to 12 yr, ------=-------------- »---- Use 90% of the

‘35 yr. and older -------------- LR Use 75% of thé
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5%

10%
15%
20%

5%
10%
15%

5%
-5%
10%

10%
5%
15%

10%
5%

T 16
r 10

20%
20%

aduit
adult
adult
adult
adult

mAs

mAs,

mAs
mAs
mAs




CHAPTER 6

.AS AN X-RAY TECHNICIAN you operate
elaborate electrical as well as radiation-producing
equipment.. This equipment, if not operated
properly, can be extremely dangerous to you and to
your patients. In this chapter, we will define some of
the specific problem areas associated with electrical
and radiation hazards. We will also provide
solutions where possible to help you prevent
electrical shock and overexposure to ionizing

. radiation to you and your patients.

This chapter consists of four sections: The first
section pertains to electrical hazards and
protection. In the sccond section we will discuss
radiation hazards and protection for the patient.
After that, ways to protect you, the technician, will
be covercd. Finally, we will discuss the USAF Film
Badge Program. .

6-1. Electrical Hazards and grétection

As you know, radiology departments are full of
electrical devices—from the viewing room to the
darkroom to the exposure room. Where electrical
devices are present, so is the possibility of an
electrical fire or electrical shock. You can help
reduce electrical hazards by using commonsense
and following recommended safety precautions.
Let’s begin our study of electrical hazards ‘and
protection with a discussion of four factors affecting
the severity of an electrical shock.

¢

090. Name¢ and explain briefly four factors
affecting the severity of electrical shock.

>
Factors Affecting Severity of Electrical Shock.

Electrocution, as performed in prisons, uses about 9;

-

Environmental Safety

consideration. Obviously, the longer the exposure,
the greater the effect:

d. The.type of current. DC is more dangerous
than AC. As a general rule, we are concerned with
AC in our radiology departments although DC is
present i some instances.

Exercises (090):

In exercises | through 4 below, name and briefly
describe f~ur factors affecting the amount of

current which can cause electrocution.
1.

Ll

3.

K}

091. Given a list of statements pertaining to the use
of fuses, indicate which are true and which are faise.
If you indicate “false,” explain your answer.

Fuses. As you know, a fuse is a protective device.
What does it protect? Not you. Not your patient. It

amperes. Obviously, this amount is far more than _ protects the circuit. It is simply a device that will

the minimum needed to cause a lethal shock. What
is the, minimum amount of current required to
electrocute a person? The amount varies
considerably because there are at least four
important factors involved:

- a. The pérson involved and his state of health.
An elderly person or one in poor health is more apt

*+ to expérience the effects of electrical current.

b. The part of the body involved. Vital organs, in
particular the heart or brain, are more susceptible to
electrical current than are, for example, the legsand
arms. ,

c. The time of exposure. The length of time the
person is exposed is also an important

~¢
.
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“burn out” and stop the flow of current when the
maximum rating of the fuse is exceeded. Becausc of
this, we can also say a fuse protects the equipment or
structure from damage due to high current or fire.
.The Ssize of a particular fuse is based upon the
amount of current 1n amperes that the circuit is
designed to handle; for this reason, it shguld not be
replaced with a fuse of higher rating.

A typical experience. Let's look at a situation that
perhaps occurs all .too often. A 15-ampere Yuse
blows in your home. You replace it -and it blows
again. This time you replace it with one rated at 25
amperes. Good—the 25-ampere fuse doesn’t blow,
and all is well, at least for the time being.
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Figure 6-1. Pictorial drawing of an electrical circuit.

A few weeks later, it's arainy weekend and a good
time to get some work done asound the housc. Your
wife 1s ironing, one child is watching TV, another is
using the toaster, and you arg¢ using the vacuum
cleaner. Suddenly the house is on fire. You barely
manage to get everyons out of the burning house
As you watch your home go up in flames, you ask.
“What happened?”

Let's investigate. Figure 6-1 is a picture of the
electrical circuit at the time the fire started. Figure 6-
2 1s a schematic of that circuit. Since we have a
parallel circuit, the source voltage is 2pplied across
each device. Therzfore, we can use Ohm’s Jaw to
calculate the current through each leg and then add
the individual currents to get the total current:

L= -f'— = l—:—?' = 10 amperes

L= E_ =10 - j0amperes
R; f1

L= —%— = -l-g = 2 amperes
= 110

I = —%‘— —4: = 2.5 amperes

=10+ 10+2+25
= 24.5 ampere.”' "~

™~
1
=~
+
=
+
=
+
=
I

25 Ampere Fuse

Do you see what happened? The 15-amper: fuse
that was supposed to protect the circuit would have
burned out when the current exceeded 15 amperes.
The 25-arapere fuse did not burn out when the safe
current vaiue was exceeded. This caused the wires
inside the wail, which are designed to safely conduct
only 15 amperes, to get red hot and set the house on
fire. :

Perhaps you think this example was
overdramatized. Not at all. Fires caused by current
overload happen every day, and all too frequently
the cause is a “do-it-yourself” type of person who
knows just enough to get himself into trouble,

A similar situation can occur in your radiology
departmeni. There are various fuses in your
electrical equipment that can “blow” out. Whileit is
a simple matter to replace a burned-out fuse with
one of equal rating, that is not the proper course of
action in all cases. Usually when a fuse blows, there
is a reason, and the reason should be determined.
There may be a short in the wiring or other defect
causing the increased current in the circuit. The
circuit should be checked to determine the cause of

* the blown fuse before the fuse is replaced.

Therefore, we recommend that you have the fuse
replaced by a medical equipment repairman so that
he can determine the cause and make the necessary
repairs. i
The personnel hazard. Now, let’s find cut why a
fuise that is capable of protecting the wiring or the
eqliipment cannot protect you. Figure 6-3 illustrates

[ o

QOV - -
AC U] "
o o

9

Ry = 440

-

Figure 6-2, Schematic of an clectrical circuit.
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Figure 6~3. Representative parallel circuit.

a parallel circuit protected by a | 5-ampere fuse. The
total current in this circuit is L+ 5L+ = 14.5
amperes. As you can see, we are within the safe limit
for the circuit. Figure 6-4 demonstrates the identical
circuit, bur with your body forming an additional
parallel connection. The electrical resistance of your
body, measured from hand to hand, varies from less
than 5,000 to over 20,000 ohms. This resistance
depends upon whether your hands are dry or wet. If
you are sweaty, the resistance goes down
considerably, because salt is a good conductor. For
example, let’s assume that your body has a
resistance of 11,000 ohms, so the circuit formed
would look like that in figure 6-5, with the resistance
of your body represented by R, By adding I1 + I, +

h+ I, we find the total currentto be 14.51 amperes.

You can see that this is still within the safe limits of
the fuse. Therefore, the fuse would not burn out, but
the 0.01 ampere of current thrcugh your bod) could
electrocuie you!

Exercises (091):

Ind..ate whether the following statements are true
or false. If you indicate“false,” explain your answer.

T F 1. A fuse is designed to stop the flow of
electrical current if the fuse rating is
exceeded.

T F 2. Fuses protect machine operators from
electrical shock.

15 Ampere Fuse

T F 3. Fire can result from incompatability of the
fuse and circuit wiring.

T F 4. A fuse protects a patient from electrical
shock.

T F 5. Replacing a fuse with one of a higher rating
is permitted as a temporary measure or. an
overloaded circuit.

T F 6. If a fuse burns out in your X-ray machine,
you should replace it with one of equal
rating and report the incident to your
medical equipment repairman. You may
continue to use the machine.

T F 7. Contact with an electrical circuit can be

fatal even if the circuit is properly fused.

092. State the purpose, value, and effect of
grounding an electrical appliance in given
situations, and cite related safety practices.

Grounding. One of the most important, if not the
most important, consideration concerning
protection for both you and your patient from
electrical shock is proper grounding of the
zquipment. How does grounding protect you and
the patient? Let’s see.

A typical electrical appliance. Figure 6-6,A,
shows the relationships between the power wires,
ground wire, and the exposed housing of an
electrical machine. Notice that the housing is
isolated from the wiring. The obvious reason for
this is so that the machine operator wiil not be

0 Amp
Q
2 Amp

1oy G
<AC> -
inn

Rz = 55Q

= 25 Amp
R, = 44Q
VAR

Iagure 6 4 Representainve parallel cireuit with human body added as vnc clement
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Figure 6-5, Representative parallel circuit

shocked when he touches the housing. In figure 6-
6,B, we have shown an electrical conrection
between the hot wire and the housing. This
connection could be due to worn insulation of the
hot wire or to various other reasons. Now thereisa
possibility of current in the housing of the
maghine—the part that you come in contact with
when you operate the machine. However, chances
are you still would not be “shocked” when touching
the rrachine because the current, which divides at
the “defect,” is routed through the ground wire and
to “earth” ground. The reason the current flows to
earth is that the ground wire offers less resistance
than your body—the current takes the path of least
resistance.

So far we don't have much of a problem. Even
though there is a defect in the machine wiring, our
ground is working properly, so the machine is
relatively safe. But, suppose the machine is not
grounded. Maybe there was no three-prong outlet
available, and the ground prong of the power cord
was removed so that the plug would fitinto the two-
prong outlet. Now there is no ground wire—no easy
pathway to route the current away from the
machine housing and operator (see fig. 6-6,C).
However, you still probably would not receive a
significant electrical shock because you still do not
offer an easy path for the current. Your body is most
likely at the same potential as the machine.

The next variable we will add to this hypothetical
situation is for you, the operator, io come in contact
with another piece of electrical equipment while
touching the housing of the initial machine (see fig.
6-6,D). Now the picture has changed considerably.
You have connected your body to ground potential.
A circuit is formed from the housing of the initial
machine, through your body, through the housing
of th= second machine, and out the ground wire.
You definitely are going to receive an electrical
shock—the severity of which depends upon the
factors previously discussed. Electrocution is, of
course, always possible if the conditions are right.
(NOTE: If the initial appliance had been properly
grounded, the current would actually “have a

with ohmic value of human body computed.
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choice” of flowing through you to earth or through
its own ground wire to earth. The easiest pathway
would still be through its own ground wire because
of your skin resistance.)

From the above discussion it is obvious that
electrical equipment must be grounded, and it
usually is—at least at the time of purchase.
However, power plugs become old and defective
(loose or bent); power cords and other outside wires
become frayed or cracked. Some people use
“cheater plugs” to adapt a three-prong plug to a
two-prong outlet; and some even cut the ground
prong off the power plug.

Do not use electrical equipment if defects are
present as we have described. In addition, do not
alter power plugs, do not use‘‘cheater adapters,” or
do anything else that would interfere with the
grounding of your machine.

Make a habit of checking the power plugs, power
cords, or any other outside wiring about your
equipment often. This is especially important if
appliances are often moved, thereby increasing the
possibility of damage. If you find any defects in a
piece of equipment, do not use it. Call your medical
equipment repairman.

Exercises (092):

1. According to the text, what is one of the most
important safeguards to protect you and your
patients from electrical shock?

2. What electrical relationship exists between the
circuitry and housing of an electrical appliance In
good répair? Why?

o




If an electrical connection eXists between a line
circuit and the housing is properly grounded,
would you be shocked if you touched the
housing? Explain your answer.

. If the situation in exercise 3 above exists with the

exception that there is no good ground, would
you receive an electrical shock from the housing?

Suppose you touch the housing of an electrical
appliance that is not grounded. The housing is
not isolated from a live circuit. At the same time
you touch a grounded X-ray machine that is not
turned on. What would happen, if anything?
Why?

. List four things you sfiould look “for to help

prevent an electrical shock from your piece of
electrical equipment.

wire, and housing. The dotted li

cAn

7. What action should you take if you find any of
the discrepancies in exercise 6 above?

093. Given a simulated situation of a patient
undergoing an angiocardiogram, evaluste the
patient’s susceptibility to electrocution.

Grounding of equipment during angiography. So
far we have discussed electrical shocks from
appliances through contact with the skin. There are
cases in our radiology departments where the
resistance of the skin is bypassed, such as during an
angiogram. During such an examination, in whicha
catheter is inserted into the blood stream, it only
takes approximately 1/1000 of the lethal skin
current to produce ventricular fibrillation in the
patient. During ventricular fibrillation the heart
flutters with a series of uncoordinated, rapid,
weak pulsations. This condition is fatal if it
continues for any appreciable length of time.

If an angiogram is performed using a commergial
automatic injector, there is an almost perfect
electrical conductor from the injector to the
patient’s heart—the contrast medium in the
catheter. In fact, this patient is so susceptible to

1

C

Figure 66 Schematics of an electrical applicance showing the relationships between live wiring, ground

ne represents current flow.
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electrocutin that we do not even need a defectin the
wiring to s.itroduce a fatal current into his blood
stream. He can even be électrocuted by leakage
current from an injector in good repair. Leakage
current is an undesirable flow of current through or
over the surface of an insulating material.

Let’s look at a simulated situation and see where
the danger comes from. Assume that the electrical
machine we discussed in objective number 092 is an
automatic injector and we are performing an
angiocardiogram. The patient is naturally lying on
the X-ray table and film changer, which are
grounded. Already he is a prime candidate for an
electrical shock because he is grounded. Let’s also
assume that the injector is grounded. By grounded
we mean, of course, that it is properly plugged intoa
grounded outlet and that thereare no wiring defects
or other defects.

From our previous discussion in objective 092, it
would seem that the patient is still safe from
clectrical shock—even though he is grounded. Now
we will create the problem. The X-ray machine and
the outlet supplying the injector are not grounded to
the same ground potential. Because they are not
grounded to a common ground, they may not be at
the same potential. The difference in potential
between the X-ray table or film changer and injector
may be only a few volts. If the leakage from the
injector to the contrast medium is, for example, 100
microamps, enough current can flow from the
injector through the contrast medium in the
catheter to the patient’s heart to be fatal because the
X-ray table and injector are not at the sam.
potential. One hundred microamps is not very much
current, but it is enough to cause ventricular
fibrillation in this patient.

Zxercises (093):

A patient who is about to have anangiocardiogram
.s lying on the X-ray table and film changer. An
automatic injector is in position and connected toa
catheter which is inserted into the patient’s arm and
filled with a contrast medium. Based upon the
information presented in the text, answer the
following questions.

I. How much relative resistance does the patient’s
body offer to current flow? Why?

2. What fraction of the lethal skin current can
electrocute this patient?

3. Is there any danger to the patient if the injector
does not contain any wiring defects? Explain.

1 1 )

1L :
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4. What electrical conductor exists between the
injector and patient? Is the conductor a good
one?

5. Comment on the ground status of the patient.
Does this ground increase the possibility of
current flow through the patient?

6. If the injector and film changer are rot at the
same ground potential, is this dangerous to the
patient? Explain.

094. List ways you can help create an electrically
safe atmosphere for an angiographic patient.

How can you help. protect your patient from
electrical shock and possible electrocution? The first
thing to do is to make sure that all the electrical
equipment in the room is grounded to the same
ground potential. This must be done by the medical
equipment repairman. He may need to rewire the
entire room so as to create an equipotential
grounding system. Once the system is established,
never ground a piece of equipment to anything else.
This includes things like water pipes, which may not
even be a good ground under normal conditions
secause nonconductive conduit is sometimes used
below the ground.

Because of its importance we will repeat here
what we discussed earlier. Do not alter the power
plugs, wiring, or anything else affecting the
equipment ground. In addition, check ali support
equipment items in which the skin resistance is
bypassed. Insure that such items (¢examininglamps,
film changers, etc.) are grounded through the uze of
three-prong, heavy-duty line plugs. And finally
before each examination inspect the equipment for
frayed line cords, broken plugs, deteriorated
insulation, or other equipment defects.

Exercises (094):

In exercises 1 through 4 below, list four ways you
can help create an electrically safe atmosphere for
an angiographic patient.
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095. Cite typical electrical hazards present in the
darkroom, and state safety preczations that should
be taken to avoid hazards.

Self-protection in the darkroom. The darkroom
is a likely place for you to receive an electrical shock.
One reason for this is that when you process films
manually your hands are often wet, and since water
is a good conductor of eleciricity, your natural skin
resistance is lowered. Water is also occasionally
present on the floscr, and this increases the
possibility of your being at ground potential—
especially if the floor is made of cement. Another
factor involved is the manual processor itself. It is
mostly likely grounded through the water pipes.
Let’s look at a couple of darkroom situations.

Suppose that with wet hands you are transferring
films from che wash tank to the dryer. The dryer has
a defective ground, and the dryer housing is not
isolated from the powerline (another defect). Asyou
transfer the films, you are in contact with both the
processing tank and the dryer—perhaps by way of
the film hangers in both cases. The dryer switch is
turned ON. You are now at ground potential, and
chances are that, ynder these circumstances, you
would receive an electrical shock because you have
actually accidentally placed yourself “into” a
circuit. Current would travei from the dryer
housing, through a hanger to your body, through

another hanger to the processor, and on to earth
through the water pipes. See figure 6-7.

Let’s assume instead that you are nei in contact
with the processing tank, but that you are standing
in some water spilled on the floor. The same
situation as that above occurs if.the water also is in
contact with the tank. See figire 6-8.

You can take several precautions to help prevent
an electrical shock in the darkroom:

(1) Apply the “one-hand” rule. According to this
rule, you should touch only one electrical appliance
at a time to help prevent your body from being at
ground potential. The processor is considered an
electrical appliance (even if it contains no electrical
devices, such as safelights) because it is probably
groundéd through the water pipes.

(2) Turn off the film dryer when loading and
unloading.

(3) Turn off the pewer supply when changing
safelights, etc.

(4) Dry your hands often and keep water off the
floor. If the floor accidentally becomes wet, mop it
immediately, .

(5) Finally, report any electrical shocks, no
matter how minor, to the medical equipment
repairman so that appropriate repairs can be made.

Exercises (095):

Answer the following questions or fill in the blank

spaces with one word.

1. The presence of water in the increases
your chances of receiving an electrical

2. Why may contact with the manual processor be
dangerous to you?

7=

Figure 6-7 A dangerous situation which could exist in the darkroom. Usc of the one-hand rule can prevent
this from happening.
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Figure 6 8. A dangerous situation which could exist in the darkroom. This can be avoided by kecping the
darkroom floor dry.

3. Suppose you are transferring films from the
wash tank to the dryer and are in contact with
both units. Is this condition potentially
dangerous? Explain.

4. To be potentiaily dangerous, contact between
you and the processor need not be direct but can
be through processing or on
the

5. What,js the “one-hand” rule, and how can using
the rule help protect you from electrical shock?

6. Before loading the film dryer, you should
it .
7. What action should you take in the darkroom
relative to water on the floor or wet hands?

096. Given a list of statements pertaining to first aid
procedures for a patient suffering from severe
electrical shock, indicate which are true and which
are false. If you indicate “false,” explain your
answer,

First Aid for Electrical-Shock Yictims. When a
person comes nto contact with a wire carrying

..v‘ 11‘)

»

electricity, many things can happen. Sometimes, the
victim is “frozen” to the circuit, or he may be
knocked off his feet. If both voltage and currentare
high and the victim is in position to provide a good
path to ground, the results can be fatal,

Eliminating the source. If someone does come
into contact with a.hot wire and is either frozen to
the circuit or knocked-unconscious, turn the power
OFF as quickly as possible. 1f the switchis not close
at hand or you cannot immediately find it, don’t
waste time looking. Remove the victim fro e
electrical source with a dry wooden e, dry
clothing, rope, parachute cord, or any other
material that does not conduct electricity. If you use
clothing, rope, or acord, makeitintoaloop and put
it over a foot, leg, or arm to drag the victim off the
electrical source. Be careful not to make contact
between the victim and any part of your bady, or
you, also, will become a victim. Severc clectrical
shock usually causes the victim tostop breathing, so
artificial respiration must be initiated as soonas the
victim is free from the electrical source.

Artificial (mouth-to-mouth) respiration. The
success of mouth-to-mouth respiration often
depends upon how soon it is started. Don’t waste
time moving the victim to an ideal location, and
don’t wait for mechanical equipment. To begin,
place the victim on his back, use your fingers to clear
his mouth and throat of any foreign matter, and
make certain he hasn’t swallowed his tongue. Next,
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tilt his head backward so that he is more or less in a
“sword-swallowing” position. This will insure that
his neck is not kinked and that there is a clear
passage into his lungs. Then, approach the victim
from his side and hold his lower jaw up by putting
your fingers under his chin and your thumb on his
lower teeth. Finally, use your hand to close the air
passages in the victim’s nose. See figure 6-9, Take a
deep breath and cover his open mouth with your
own until there is an airtight seal. Blow forcefully
into his mouth until his chest expands. This should
be done quite forcibly with adults but rather gently
with children. Watch his chest as you expire. After
the victim’s chest rises, remove your mouth from his
and allow him to exhale by himself. Repeat this
action 12 to 20 times a minute. You may find that
you are breathing faster than normal in order to get
enough air for yourself. Actually, humans vse only
about 25 percent of the oxygen they inhale, so the
victim is getting all he needs. Continue in a rhythmic
manner and without interruption until the victim
either starts breathing or is pronounced dead by a
doctor.

Closed-chest heart compression. If the patient’s
heart has zlso stopped beating, you must perform
closed-chsst heart compression in addition to
mouth-to-mouth respiration, and again it must-be
started immediately after the power supply has been
turned off or after the patient is removed from the
source of electricity.

1. Thrust head backward
Z

ek/
P %y
i %

To perform closed-chest heart compression,
kneel beside the patient, place the heel of one hand
an the lower end of his sternum and your other hand
on top. See figure 6-10. Press downward with both
hands at the rate of one compression per second.
The sternum should depress 1'% or 2 inches. Lift
your hands after each compression to permit the
sternum to return to its normal position.

If two persons are available, one should perform
mouth-to-mouth respiration, and one should
perform closed-chest heart compression. If you are
alone, .repeat 2 good breaths for every 15
compressions of the sternum,

Exercises (096):

Indicate whether the following statements are true
or false. If you indicate “false,"éxplain your answer.

T F 1. When confronted with an unconscious
electrical shock victim, the first thing you
should consider is turning off the power
supply.

T F 2. You can be electrocuted yourself by
touching someone who is in contact witha
live wire. _ 4

T F 3. You should separate an unconscious
person from a live wire with the first thing

° you can get your hands on.

kY

2. Lift jaw \~

7

3. Pinch nostrils

Figure 6-9. Mouth-to-mouth respiration. 1 1
l)
e -t
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Figure 6-10. Closed-chest heart compression.

4. Mouth-to-mouth respiration and closed-
chest heart compression should be started
immediately as soon as the victim is
separated from the electrical current.

. The position of the victim’s head is not
important for closed-chest heart
compression or mouth-to-mouth
respiration.

. Your mouth should form an airtight seal
over the victim’s mouth during mouth-to-
mouth respiration.

. When performing mouth-to-mouth

s respiration, you should normally force air

, into the patient’s lungs about 15 to 20

. times a minute.

. The sternum should be depressed 2 to 2%2

inches during closed-chest heart
compression.

. The sternum should normally be
depressed 60 times a minute during
closed-chest heart compression.
If you are performing mouth-to-mouth
respiration and closed-chest heart
compression simultaneously on a patient,
you should repeat cycles of 2 breaths
followed by 15 compressions of the
sternum.

T F 10.

6-2. Radiation Hazards and Protection for
Patients

In times past, protecting our patient from
excessive radiation exposure has received too little
emphasis. We usually think about protecting
ourselves, but some of us do not realize that our
patient deserves equal consideration. As a 7 level,
your responsibilities increase considerably in this
area. You must not only use the appropriate safety
precautions, but you must also insure that
personnel under your supervision do likewise.

A good portion of this section is taken from AFM
161-38. For further information concerning
radiation hazards and protection, refer to this
manual,

097. Indicate the purpose, types, and use of
filtration of an X-ray beam.

Protective Filtration. We begin our discussion
about patient protection with protective filtration.
As you know, adequate filtration of the primary
beam is one of the bes®ways to reduce the patient’s
exposure to radiation. Let’s see how it works.

Reduction of low-energy photons. A beam of
X-radiation is made up of photons with gjfergies
ranging from the kVp setting used to ncfgcro.
Many of these photons in the low-energy range are
absorbed by the patient’s skin and other body
tissues. These “soft” photons contribute nothing
whatsoever to the film exposure. All they do is
increase the patient’s exposure, which we obviously
do not want. We cannot prevent the low-energy
photons from being produced in the target of the
X-ray tube, but we can remove most of them before
they reach the patient. We do this by filtering the
primary beam.

Types of filtration. The filters placed between the
target and patient are broken down into two types,
inherent and added. The first, inherent filtration, is
that filtration provided by the tube housing. You
actually have no control over this filter since it is a
permanent part of the X-ray tube. However, you
should be aware of the aluminiim equivalency of the
inherent filter for each of your X-ray machines. Itis
usually 0.5 mm unless the tube has a beryllium
window. When such is the case, it is normally 0.3
mm. If you are not sure of the amount, check with
the tube manufacturer. The second, added
filtration, makes up the remainder of the total
filtration in the X-ray beam. This type of filtration
is simply what we would add to the port of the
X-ray tube. Inherent filtration plus added filtration
equals rotal filtration.

Minimum filtration requirements. You must
have a minimum amount of total filtration in the
X-ray beam. The minimum aluminum equivalency
depends upon the operating kVp and is shown
below:

kVp Minimum Total Filtration
Below 50 0.5 mm aluminum
201070 1.5 mm aluminum
Above 70 2.5 mm aluminum

For example, when you use 80 kVp, youmust havea
total of 2.5 mm aluminum filtration.

How filtration increases the mean energy of the
beam. In figure 6-11 we have shown the energy
distribution of four beams of X-radiation plotted
against the intensity of the beams. Progressively
more filtration is added, beginning with the top
added filtration curve. Notice that the more
filtration added, the fewer the number of low-
energy photons, and the less the minimum photon
energy of the beam. Consequently, by adding
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Figure 6-11. Filtration of X-ray photons.

6. If the inherent filtration of an X-ray tube is 0.5
mm, how many millimeters of aluminum should -
=be added to operate the tube at 120 kVp?

- filtration, we are increasing the mean energy of the
X-ray beam.

Exercises (097):

1. What happens to the low-energy photons which
do not reach the X-ray film? 7. How does filtration of the beam of X-ray

photons increase the beam's mean energy?

2. Howdoes filtration lower the patient’s exposure?

098. State three ways in which high kVp techniques
reduce patient exposure.

3. What is inherent filtration? How much is

A High kVp Techniques. We have just discussed
normally provided in an X-ray tube?

how filtration reduces patient exposure by
increasing the mean energy of the primary beam. It
is not practical, however, to increase the filtration
very much beyond the minimum requirements to
further reduce patient exposure. The reason for this
is that filters work well up to a certain point, but
then reduction in patient exposure with more
filtration diminishes rapidly.

There is another way to reduce patient exposure
by increasing the mean energy of the beam —simply
by using high kVp techniques. By high kVp we do
not mean 100 kVp or 150 kVp. Wemean the highest.
kVp that producesa radiograph which satisfies your
radiologist. As you know, the higher the kVp, the
longer the scale of contrast; but your initial concern
is providing radiographic contrast consistent with
your radiologist’s desires. So whatever k¥p range
you use, remember it must first satisfy the.
radiologist.

4. If an X-ray tube has 0.3 mm aluminum
equivalency of inherent filtration, how many
miliimeters of aluminum should be added to
operate the tube at 26 kVp?

3. How much total filtration should bein the X-ray
beam if 65 kVp is used?
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Let's look at a typical examination of the knee. If
you presently use 60 to 70k Vp, you may very well be
able to increase the kVp to 80 to 90 and still
maintain satisfactory contrast. Eighty to 90 kVp is
not considered high, but it is higher than you
previously had used, and you have taken a positive
step in reducing exposure to your patient.

Aside from reducing patient exposure by
increasing the mean energy of the beam, high kVp
works in two other ways to reduce patient exposure:
(1) it permits shorter exposure times—which helps
prevent repeat examinations due to part motion and
(2) it also provides more exposure latitude, which
also helps to prevent repeat examinations due to
incorrect exposure factors. Of course, any action
that reduces the repeat radiogrzphs also helps to
keep patient exposure to a minimum.

Exercises (098):

In the exercises below, write down three ways high
kVp techniques reduce patient exposure.

099. List two ways that proper collimation reduces
patient exposure, and indicate the basic procedure
for checking the collimation of a radiograph.

Ct ' .aation. One of the best ways to keep patient
exposure to a minimum is by restricting the primary
beam to the smallest area consistent with the clinical
requirements. Exposure. of the patient to
radiation 1n areas beyond the part under study is in
‘most cases inexcusable, since collimators have a
field-size scale as well as a lighted X-ray field. There
1s no excuse to open the collimator wide open for a
radiograph. There is likewise no excuse to open the
collimator beyond the size of the film. In fact, in
most cases you should use an X-ray field smaller
than the film.

Checking for collimation is an important part of
your quality control dutics. For most radiographs
you should see the outer limits of the X-ray field on
the film. We emphasize “for most radiographs”
because at times, due to the size of the patient, for
example, it is necessary to use an X-ray field to
cover the entire film. This is theexception, however,
and not the rule. .

It is difficult to say, for example, that all
radiographs should have a 1-inch unexposed border

/15

around thesides. Film size, patient size, and the part .
being radiographed are some factors that should be .
taken into consideration. The important issue is
that you should see the outer limits of the field. If
you do not see a border around the film, you aren’t
sure whether the X-ray field extends | inch or 10
inches beyond the film.
In addition to increasing patient exposurs, a large
X-ray field increases the scatter radiation to the
film, thereby increasing film fog. As you know,
excessive film fog on a radiograph can cause it to be
repeated.

Exercises (099):

1. Give two ways that proper collimation reduces
patient exposure.

2. As a general rule, what should you look for on a
radiograph to insure proper collimation?

3. If you do not see any indications of collimation
on a radiograph, what can you assume about the
size of the' X-ray field?

4. What size unexposed border should you see on
the edges of a radiograph?

100. Name several examinations in which gonadal
shielding can be used, and specify two precautions
to take when using the shielding.

Gonadal Shielding. To prevent needless exposure
of the patient’s gonads, you should cover them with
pieces of lead-rubber shielding materiul. For -
example, gonadal shielding can be used for hip '
examinations if you are careful with the placement
of the shield. You can also shield the gonads of
femur and lumbar spine examinations of male and
female patients and abdomen, intravenous
pyelogram, sacrum, and coccyx studies of male
patients.

The most important consideration when using
gonadal shielding is to make sure the shield is not
superimposed over the part under study. In
addition, do not use gonadal shielding as a
substitute for adequate beam collimation. Use the
shield in addition to collimation.
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Exercises (100): )

. Name three examinations where gonadal
shielding can be used on male and female
patients,

2. Name four examinations where gonadal
shielding can be used on male patients only.

3. What two precautions should be considered
when using gonadal shielding?

101. Show the effeét and use of high-speed screens

and films to reduce patient exposure.

High-Speed Screens and Films. Using high-speed
intensifying screens and X-ray films can also reduce
patient exposure to radiation by lowering the
exposurs necessary to produce the radiograph.
Keep in mind that thereis a loss of detail when high-
speed films and screens are used. So this is a decision
that should be made by your radiologist. If he is
willing to accept the detail loss to reduce patient
exposure, then by all means use high-speed films
and screens.

At times it may be advantageous to use high-
speed screens for most examinations and to use the
medium or slow-specd for rauiographs of parts
requiring maximum detail such as the mastoids. In
cases such as this, make sure that the cassettes are
plainly identified so that, for example, high-speed
exposure factors are not used with slow-speed
screens,

Exercises (101):

1. Why is patient exposure reduced if high-speed
intensifying screens and films are used?

2. Wtat must be sacrificed if you use high-speed
intensifying screens and films?

3. How can you maintain good screen detail for
some examinations and keep patient exposure to
a minimum for others?

\

102. Given characteristic curves of three identical
X-ray films, relate developing time to patient

. exposure.

tno ©

*

Film Processing. A common cause of excessive
patient exposure is improper film development. To
illustrate how film development affects pAtient
exposure, we “have shown, ,in figure 6-12, the
characteristic curves of three identical films
processed under different conditions. Film A was
developed as recommended by
manufacturer for a period of 5 minutes at 68° F.
Film B was developed under the same conditions
but for only 3 minutes. Film C also was deviloped
under the same conditions but for only 114 minutes.
Now, let’s analyze the results of figure 6-12. At the
bottom of the curve, you will notice that the log
relative exposure is in increments of 0.3 and, also,
that each increment of 0.3 is equivalent to doubling
the mAs. Next, assume that your radiologist wants
films taken at a certain kilovoltage witha maximum
density of 2.0. To reach this density, film A would
need 11 mAs, film B would require 40 mAs, and film,
C approximately 270 mAs. Can you now see why

“proper developing becomes so very impoitant in

reducing radiation dosage to the patient? The film
developed at 14 minutes requires 24 times the
exposure of film A,

Exercises (102):

1. According to figure 6-12, what dcvcioping time
requires the most exposure to produce a specific
density?

9

. According to figure 6-12, what developing time
requires the greatest patient exposure to produce
a particular radiograph?

3. What can you conclude from the discussion
about developing time vs. patient exposure?

4. What developingtime should you use for all your
radiographs?

‘6~3. Radlation Hazards and Pro\tocuon for

Techniclans

Good working habits, commonsense, and proper
respect for ionizing radiation are very important in
radiation protection. With present day knowledge
and the vast amount of protective resources at your
disposal, there is absolutely no reason for you to
even closely approach th. maximum permissible
dose. If proper precautionary measures are

practiced daily, the risk involved in being an X-ray

1z,

the film |,
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Figure 6-12. Characteristic'curves of several identical films.

technologist is very small, when compared to other
risks, such as driving a car and crossing the street.
The steps necessary to keep your exposure at a
mimmum can be divided into two categories: (1)
those that protect you from the primary beam and
(2) those that protect you from scatter radiation.

103. List four rules to follow to protect yourself
from exposure to radiation.

Protection from the Primary Beam. Protecting
yourself from primary radiation is very simple: do
not expose any part of your body to the primary
beam. This means that during exposure you should
never hold a patient or cassette, or in any other way
subject yourself to primary radiation. In addition,
you should not allow another technician to perform
these tasks. If assistance is needed to obtain a
radiograph on uncooperative patients, use someone
who is not occupationally exposed.to ionizing
radiation. ;

Protection from Scatter Radiation. Although the
intensity of scatter radiation is less than primary
radiation (for a given technique), the radiation
hazard to the technician is perhaps greater with
scatter. The reason for this is that scatter radiation
can reach virtually all parts of the exposure room
while the primary beam is restricted to an area that
is much smaller by comparison. Therefore, while it
is a simple matter to remain cléar of the primary
beam, it is somewhat more difficult to elude scatter
radiation. Following are some general rules to
adhere to.

12

Standing behind a" protective- barrier. Always
remain behind a protective barrier when-making an
exposure. Control booths are designed so that the
technologist will not be exposed to any radiation
that has scattered only once. In other words, the
radiation must scatter at least twice before it reaches
you, Use the lead impregnated glass window to
observe the patient. Do not defeat the purpose of
the control booth by leaning out from behind the
barrier tp make the exposure.

Using distance for protection. Distance is an
effective means to reduce exposure. Since radiation .
intensity decreases as the distance from the source
increases, exposure can be reduced by staying as far
from the source as possible. This rule is particularly
important to remember when taking portable
radiographs, where protective barriers are usually
not available. v

Protection ‘during fluoroscopy. During
fluoroscopy be sure to wear a protective apron.
When you are not needed to assist the radiologist,
remain in the control booth.

Exercises (103):

In exercises | through 4 below, list four rules to
follow to protect yourself from exposure to
radiation.

b )

L.
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6-4. The Personnel Dosimeter

w The purpose of the USAF personnel dosimeter is
to measure and record the accumulative dose of
ionizing radiation to radiation workers like
yourself. In addition to recording the exposure
received, the dosimeter can .prevent e:ccessive
exposures by determining that a radiation ““leak” or
other hazard exists, before the hazard becomes
dangerous. Let's begin our discussion with your
responsibilities concerning therdosimeter. (NOTE:
This section is based on AFR 161-28, Personnel
Dosimetry Program and the USAF Master
Radigtion  Exposure Registry. Refer to this
regulation for additional information concerning
the dosimetry-program.)

104. Identify your responsibilities pertaining to ihe
USAF Personnel Dosimetry Program.

Supervisor Responsibilities. Your responsibilities
concerning this program are fairly simple—but
important ones. Ifyouare acting in the capacity of a
supervisor, you must see toit that each personunder
your supervision is thoroughly indoctrinated in the
proper us . “the dosimeter. When a new technician
is assigned to your department, 80 over the
procedures with him. Do not assume that he already
knows how and when to wear the dosimeter just
because he has been in radiology for some time.

Technician Responsibilities. If you are notacting
as a supervisor, you are responsible for the proper
use of the dosimeter issued to you. The bestreason
for.you to use the dosimeter properly is that it might
prevent 4 significant dose of radiation to you. In
other words, you are the one who benefits from the
dosimetry program, so act accordingly.

Exercises (104):

Explain your responsibilities, both as a technician
and as a supervisor, pertaining to the dosimetry
program. . .

I. Supervisor responsibilities.

Q . ’
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2. Technician responsibilities.

105. Given a list of statements pertaining to
wearing and handiing of the dosimeter, indicate
which are-true and which are false. If you indicate
“false,” ‘explain your answer.

Wearing and Handling the Dosimeter. There are
certain problems that we will discuss that involve
» both the wearing and the handling of dosimeters.
Our discussion will-include dosimeter choice, when
»~ and where they are to be worn, and storageareas.
Chest dosimeter, The regular chest dosimeer
(film badge) is worn below the shoulders and above
the waist on the outside of the clothing. If you wear
a lead apron, wear the dosiméter beneath the apron
but still outside the clothing. The film must face
outward from the body with the clip on.the holder
facing toward the body. This dosimeter, which we
will call the chest dosimeter, is worn at all times
during radiography, therapy, or fluoroscopy to
measure whole-body’ exposure.

*Flouroscopic dosimeter. In addition to the chest
dosimeter, you must wear an additional dosimeter
during flurorscopy. Wear this fluoroscopic
dosimeter only on your front collar outside the
protective apron. Its purpose is to assess the
radia{i\on exposure to the head and to the lens of the
eye.

Localized exposdre dosimeters. Additional
doks_'gﬁctcrs can be worn in certain situations, as
dui" g fluoroscopy, to assess localized exposures,

such as to the neck or forearm. When wearing these

additional dosimeters, be sure to wear the other
required dosimeters.

Keep in mind that each dosimeter has a specific
purpose. Consequently, during a specific reporting
period, you shouldn’t interchange the dosimeters.
For example, the chest dosimeter should not be
wornon otherareas of the body. Also, if a dosimeter
is used to record exposure to a localized area, it .
must not be worn at any other body site unless the
dosimeter film is changed.

& Where to wear the dosimeters. You must clip on
the dosimeter(s) before entering the working area .
and remove it when leaving. Thé working area, as
far as radiology departments are concerned, is the
entire department. This means that you can wear °

-the dosimeters anywhere inside the department.

This also means that youcannot wear the dosimeter .

outside the departihent. Except, of course, you can

wear the dosimeter outside the department when
performing portable radiographs.

Dosimeter storage area. While dosimeters are not
being worn, they must he stored in a storage area
designated by the commander of the facility. The
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storage area should be near to, but outside, the T F

radiation area. Radiation area in this case refers to

the exposure—therapy rooms. For convenience,it T F

is advisable to locate the storage arca near the

entrance of the department, thereby encouraging T F

technicians to deposit or remove the dosimeter as

they leave or enter the department. TF
Identifying the dosimeters. To insure that each

technician wears only his own dosimeter, it should

contain some individual identification, with the T F

corresponding identification placed at a given

location on a dosimeter storage rack. Do not T F

permanently ‘inscribe the identification on the

dosimeter. Use embossing tape or other similar

means to identify the dosimeter. You can identify T F

the dosimeter gn the front surface as long as the

small window is not covered. To coverthe window T F

may cause false (lower than normal) readings.

Exercises (105): TF

Indicate whether the following statements T F
pertaining to wearing and handling the dosimeter

are true or false. If you indicate “false,” explain your .
answer. TF

T F 1. The chest dosimeter can be worn attached TF
toa shi:t pocket.

111
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to the belt. )
The chest dosimeter is not worn during
fluoroscopy.

. At least two dosimeters must be worn

during fluoroscopy.

. During fluoroscopy, ome dosimeter is

worn beneath the apron, and one is worn
outside the apron.

. The fluoroscopic dosimeter assesses

whole-body exposure.

. When wearing a localized exposure

dosimeter, you do not have to wear the
chest dosimeter.

The fluoroscopic dosimeter can be used to
assess exposure to the hands.

. You cannot wear a dosimeter outside the

radiology department.

., Dosimeters can be stored in an exposure

room.

. Individual identificatin of dosimeters

should be made on the dosimeter and on
the storage rack. !

. Identification should not be placed onthe

front of the dosimeter.

. At least three dosimeters must be worn to

measure whole-body exposure,

.
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. The chest dosimeter can be wornattached
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CHAPTER |
Reference:
001 - 1. The flow of electrons through a conductor.
001 - 2. Difference between electrostatic charges, difference in

002 - 1.

002 -2,
002 - 3.
2.4
002 - 5.
002 - 6.
002-7

003 -1
003 - 2.
003 - 3.

003 - 4.

003 - S,
003 - 6.
033 -7.
03 - 8.

0k -y
003 -10

004 - |
004 -2
004 - 3.

004 - 4.

005 - 1.
005 - 2.
005 - 3.
005 - 4.

005 - 5.
005 -6
005 -7

006 - 1.
006 - Z.
006 - 3

07 -1
007 - 2.
007 - 3.
007 - 4.

\al

potential. and resistance.

An insulator is a poor conductor of electricity, a
conductor 1s a good conductor of electricity, and a
semiconductor is neither a good conductor nor a good
nsulator.

Conductor.

Semiconductor.

Insulator.

Semiconductor.

Conductor.

Conductor.

T.

T.

F Under the conditions described, 4.33 ampere of
current is flowing.

F. The symbo} | refers 19 the intensity of current, or
amperes,

T

T

F They are the same,

F Voltage can exist between two positive charges if
one 1s more positive than the other.

F Current flows from negative to positive.
T

The opposition to current flow.

Ohm. .

That amount which allows exactly | ampere of current
to flow when 1 voit is applied across the resistance.
R=410.

No.

Less; more.

20

Resistance depends upon the number of electron
collisions. and the length of a conductor influences the
number of collisions.

0.5 0.

Yes: increase.

Temperature

20
110 voits.
3 amperes.

Crossed over wires.
Connected wires.
Battery.

Lamp.

Fixed resistor
Voltmeter.

Switch.

Ground.

Ammeter,

. Fuse.

Variable resistor

05A;05A:054A
240N
6V, 2Vv. 4V

12v. 12V
JA6AI2A. 24
2404,

05

nis

O EXERCISES
00-1. 780

Explanation:

+ +

+

1.
R

L+
2

ulukdn

5 »l-»l s
& ;.lu. Nl— _=_Ul"'

R = 0.8 I = equivalent resistance
of the thrae parallel
4 resistances

70+080=1780.

011-1. A force that attracts iron, steel, or other magnetic
substances.

011 - 2. Around and inside the magnet.

011 - 3. Outside the magnet: from the north pole to the south
pole. Inside the magnet: from the south pole to the
north pole.

011 - 4, Concentration of lines of force.

011 - 5. Like poles repel each other. Unlike poles attrack cach
other.

012-1. Magnetic substances are strongly affected by a
magnetic ficld; nonmagnetic substances arc not
noticeably affected.

012 - 2. Magnetic: iron and steel. Nonmagnetic: wood, copper,

.. and glass.
0i3-3. T.
012-4. T.
012-5. T.
013 - 1. Current flow must be present through theconductor.

013 -2. No. Form the wire into one or more loops.
013 - 3. At each end of the coil.
013 - 4. The direction of current flow.

013-5. Piace the left hand around the conductor with the
thumb pointing in the direction of current flow. Lines
of force travel in the same direction as the fingers.

014 - 1. The number of coil turns per inch. The higher the
numbser of turns, the stronger the ficld.

014 -2. Current through the conductor. The higher the
eurrent, the stronger the field.

014 - 3. Iron core. The core itself becomes magnetized, and its
strength is added to that of the coil; and the core-
strengthens the ficld because lines of forceconcentrate
themselves in the core.

015-1. T.

015-2. T.

016 - 1. Fixed.

016 - 2. Relay.

016 - 3. Magnetic.

016 - 4. Electromagnet; privoting.

016 - 5. Opened; spring-.

017 - 1. Electromagnetic cffect.

017 - 2. Permanent magnet, moving-coil movement.

017 - 3. Two—psermanent and clectromagnet.

017 -4. When current is introduced into the coil, the poles of
the clectromagnet attempt to repel the same poies of
the permanent magnet.
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0i8-1. a,b. 029 - 2. Approximately equal. .

018-2. a. 029 - 3. Greater with single-phase.

018-3. b 030 - 1. To aim or focus the electrons to a specific ared on the

019-1. 1/120 second. anode.

019 - 2. No. When the sine wave reaches zero value, therzisno - 030 - 2. Filament,

" current flow, 030-3. Length,

019 - 3. 1,240 second. 030-4. Large.

019 -4. Two. 030-5. The state of the filament when it is heated to the

019 -5. One. required emission temperature.

019 - 6. The number of cycles per second. 030 - 6. Usethe STAND-BY button only when necessary and

020 - 1. The process of producing an EMF from the relative then only for a short period of time.
motion between a conductor and a magnetic field. 031 - 1. It 15 positively charged with respect to the cathode.

620 - 2. A conductor, a magnetic field. and relative motion. 031 -2, Target.

020 -3 The more lines of force that are cut per unit tims, the 031 - 3. 1t has a high melting point and high atomic number.
higher the induced EMF. 031 - 4. Affects the heat-loading capacity of the tube.

020 -4 The more conductors, or number of turnsinacotl,the 031 - 5. Size of the actua} focal spot and angle of the target.
higher the induced EMF. 03! - 6. A design characteristic of an X-ray tube that produces

a relatively large actual and relative small effective

021-1. T. focal spot.

021-2. T ’ - 031 - 7. The smaller the target angle, the smaller the X-ray

021-3. T. field; consequently. the field covers a smaller X-ray

022 - 1. The process of transferring electrical energy from one ﬁlr:: at a specific FFD.
circuit to another by electromagnetic induction. 031 - 8. 12°. T i

022-2. 11 volts, SO amperes. 031 - 9. Biased focal spot. It climinates the concentration of

022-3. 660 volts, 1 ampere. clectrons on the outer sides of the target, thus

preventing a “double image™ on the radiograph.

023 - 1. To vary the kilovoltage output of the high tension .
transfgmer and ‘o regulatepthe supply vcsaltages for 032-1 Shorter exposures. "l'he exposure can be synchronized
operating the X-ray generator. to a particular portion of the sine wave.

023-2 Adjusting the autotransformer line voltage 032-2. less radiation to the patient. (1) Exposures can be
compensator control so that a predetermined reading short enough so that portions of the wave that produce
1s obtained on the line voltage compensator meter. low energy are not used, and (2) X-ray exposures can

023 - 3. The exposure will be highter or darker than normal be synchronized with cine camera shutters so that
because the voltage across the X-ray tube is not radiation is produced only when the shutter is open.
consistent with the setting on the control panel. 033-1, 1,600 H.U.

023 - 4. kVp major and minor selectors, which are locatedin 033 -2. 1,498 H.U.,
the secondary of the high tension transformet. 034-1. 200,

024-1. a,b. Y 034 -2. 50.

024-2, a. 034 -3. 1720 sec.

024-3. ¢, d. 034-4. a. Yes.

024-4. a. b. No.

024-5 «c c. No.

024 -6. b. 034 -5, 110.

024 -7. a, 024 -6. 125,

024 -8. d. 034 -7. 0.05 sec.

034-8. a. No.

025 - 1. Voltage ripple is the difference between the minimum b Yes.
and maximum voltage of a single wave form: pulse. ¢. No.

025 - 2. The average kinetic energy of the electrons across tiic
X-ray tube. 035-1. Yes.

025 - 3. Three-phase, twelve-pulse. 035-2. No,

025 - 4. Slightly higher with twelve-pulse. 035-3. No.

- - €

025 -5. Considerably higher with six-pulse, 036 - 1. None. Explanation: 140,000 H.U. + 140,000 H.U. =

026 - 1. The higher the average electron energy, the highes the 280,000 H.U. Capacity 1s 300,000 H.U.
average photon energy. 036 - 2. Approximately 3% minutes.

026 - 2. Awverage photon energy is higher with three-phase. 036 - 3. Indefinitely.

026 - 3. Three-phase. 036 - 4. Eight minutes.

027 -1 The intensity i ter with three-phase 036-5.  Four,

- ¢ ity is grea ree-phase.

027 - 2. With single-phase there is (1) a period of time when CHAPTER 2
nonimage forming radiation is produced and (2)a  ¢37.1. T,
period of time when no radiation is groducgd. With  037-2. F. Some X-ray photons must penctrate the part and
three-phase, image-forming radiation is continuously reach the film for good wisualization of a part,
produced. 037-3. T

028 - 1. 106 kVp. l f s T

108 - 2. It will maintain approximately the same scale o - .
contrast and keep the patient’s absorbed dose to a 037-6. :},l:'tl:)en:vmge energy depends upon the energies of the -
minimum. 037-7. T. |

029 - I. Three-phase. There are no “hot spots™ on the target, 037 - 8. F. An increase in kVp increases the maximum energy.

; 1 resulting in a more even thermal load. 037-9. T.1 5
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041 -3,

041 - 3,
04l - 5.
041 - 6.

041 -7
041 - 8.

042- 1
0422,
042 - 3.
042-3
042 - 5.

043 -1
043 -2

043 -1

Udd - |

The characteristic of the pnmary beam that affects 044 - 2,
radiographic density. 1t 1s a measure of the number of 044 - 3.
photons per unit area in combination with the mean 044 - 4.
energy of the photons. 044 - 5.
ac
d. 044 - 6.
d.
a.c 044 - 7
< 045 - 1.
4 045 - 2.
a.c d. .
a. C. 045 - 3
The sntensity of radiation in the primary beam is
imversgly proportional to the square of the distance 045 - 4
from the target. 045 - 5
800. 50.
No. Intensity as affected by the inverse square law has .
nothing to do with the number of photons emitted
from the target. It 15 concerned with the number of
photons per unit area. 046 - |
There is no connection between the two.
Longitudinal: anode heel effect. 046 - 2.
Farthest. 046 - 3.
Anode. 046 - 4.
Increases; decrease. - 046 - 5.
32,
Cathode. 046 - 6
Absorption: target matenal. 046 -
Room #1. 047 -1
Since the difference between the sizes of the uppe. and
lower portions of the thoracic spiné 1» greater than
normal. you would necd the tube with the greatest 047 -2
variation in intenstty to balance out the density on the 047 -3
radiograph. The 12° provides the greatest variation. 047 - 4
Room #2. 047 - 5
With his head toward the anode side of the tube. 048 - |
Any of the rooms could be selected.
For spot-films of the gallbaldder you would only use 048 - 2
the small central portion of the X-rays. field. The 048 - 3
vanation inintensity for sucha smallarea is negligible. 048 : 4'
With the ankle toward the anode. 048 - 5'
The portable. At a 30-inch FFD, the beam intensity .
varies more. 048 - 6.
F A small focal spot gives better detail. 048 - 7.
F A large focal spot produces more penumbra. 048 - 8.
F The more penumbra. the worse the detail. 048 - 9.
F. Penumbra 1s greatest on the cathode side 049 - 1
F. Radiographs do have better detail on the anode )
stde, but the reason has nothing to do with distance 049 - 2.
from the target. That portion is projected by a2 49 3
“smaller” focal spot. 049 - 4
Room #!. Room #2. .
The 1.5 mmin room #1 because it is the smallest of the
four able to withstand the exposure.
Your initial thought should be on the smallest focal 049 - 5.
spot you have available (0.2 mm in c¥posure room #1) 049 - 6.
since detail 1s most important on this examination. If 049 - 7.
the exposure factors do not exceed the rating of the 049 - 8.
0.2-mm focal spot. it should be used. If you cannot 049 -9.
safely use the 0.2 mm, check the exposure against the 049 - 10.
next largest focal spot (0.5 mm in room #2)andsoon 049 -11.
untit you find the smallest focal spot that can 050 - 1
withstand the exposure. Remember, ¢ven though 050 - 2_
detailis important. not to exceed the maximum rating 050 - 3
of the tube rating chant. 050 - 4.
The right lateral. The part-film distance for the nght 050 - 5.
side would be less than for the nght side; therefore, 050 - 6.
there would be less magmification and better detail of 050 - 7.
the night panetal bone. 050 - 8.
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Radiograph B.

The posterior ribs of radiograph A.
Radiograph B.

You could decrease the FFD. A shorter FFD increases
magnification and therefore decreases detail.

The right lateral. It placesthe right lower lobe closer to
the film, thereby providing better detail of that area.
An increase in FFD. Increased FFD increasesdetail.

Keep it to 2 minimum, but use it when necessary.
Yes. At times distortion is necessary to project a part
clear of superimposed structures.

To the part, perpendicularly to the plane of the part
and the plane of the film.

Yes.

The plane of the part must be parallel with the plane of
the film.

CHAPTER 3

F. A beam-restricting device reduces the size of the
primary beam.
T.

T.

F. You can reducg scatter by using a smaller X-ray
field. .

T.

T.

Set the scale to a specific field size at a specific FFD.
Make an cxposure. Measure the X-ray field and
compare it to the scale setting.

Yes.

No.

No.

No.

Place the 90° angles of the four wires so that they
correspond to the four corners of the lighted field.
Two. ..

To insure visualization of the wire pieces.

By placing an onentation marker on the radiograph.
Measure the sides of the lighted field and the sides of
the X-ray field.

No.

Yes.

Yes.

No.

By absorbing most of the scattered radiation before it
reaches the film. )

No, but it absorbs the greatest portion.

No, a small poftion is absorbed. .
Because of the angles at which they approace: the grid.
Primary radiationapproaches at angles the same as the
lead strips, while scattered radiation approaches the
strips at acute angles.

-
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051 - 1. The radiograph made with the 8:1, 100-line grid, 059 - 4.
because the strips are thinner and are not as high. 059 - §.
05! - 2. The more lines per inch, the lower the contrast; less
scattered radiation is absorbed because there is less 060 - L.
lead in the grid. 060 - 2.
. - 060 - 3.
052-1. a. 060 - 4.
052-2. a,b. 060 - §.
052-3. a 060 - 6.
052-4. b. 060 - 7.
052-5. b. 060 - 8.
052-6. a,b. 060 - 9.
053-1. T. 051 - 1.
05s3-2. T
053 - 3. F. A recipromatic Bucky permuts the shortest exposure 061 - 2.
time.
053 -4. F A moving Bucky must be manually cocked before
each exposure.
053 - 5. F. The timer is manually set on a2 moying Bucky. 062 - I.
053-6. T. - 062 - 2.
057 T
o : : . 063 - 2.
053 -9. F. A I5-percent increase is necessary when changing %063 - 3
from stationary grid to Bucky technique. 063 - 4'
054 - 1. Grid B. A higher ratio grid absorbs more scatter. The 063 - 5.
effective ratio of grid B is 10:1. 060 - 6.
054 - 2. Grid B. A higher ratio absorbs more scatter. 063 - 7.
054 - 3. Grid A. A greater proportion of the scatter isabsorbed 063 - 8.
at 70 kVp because scattered radiation at 120 kVp is 064 - 1
more likely to penetrate the lead strips and reach the )
film. 064 - 2
054 - 4. Grid A. Less scatter is absorbed because there is less '
lead in the grid.
055 - 1. It caus 5 an even loss of density over the film.
055 - 2. The radiograph made with the 5:1 grid.
055 - 3. A grid with a long grid radius reduces density less than
does a grid with a short radius.
055 - 4. One inch.
055 -5. None. 065 - L.
055 - 6. The 5:1, 72-inch, focused grid.
065 - 2,
056 - 1. ‘There is a loss of density on the lateral margins of the 065 - 3.
film. 065 - 4.
056 - 2. The radiograph using the 32-inch focus-grid distance
because the loss of primary radiation and density is 065 - 5.
greater with “near” decentering than with “far”
decentering.
056 - 3. A high-ratio grid causes greater loss of primary
radiation than does a low ratio grid. 066 - 1.
056 - 4. Maxz experimental exposures and note the focus-grid
distances where significant loss of primary radiation 066 - 2.
(density) occurs. 066 - 3.
066 - 4.
057 - I. Two conditions could cause the variation. There could
be far-distance decentering with lateral decentering 067 - L.
over side B or near-distance decentering with lateral - 067 - 2.
decentering over side A. 067 - 3.
057 - 2. Two conditions could cause the variation, Therecould 068 - 1
be far-distance decentering with lateral deceniering 068 _'2'
over sidg A or near-distance decentering with lateral 068 - 3:
decentering over side B. 068 - 4.
058 -1. a. 8° 068 - 5.
b. 6°. 068 - 6.
c. 3. 068 - 7.
d. 1°. 068 - 8.
058 - 2. An even loss of density over the film. 068 - 9.
068 - 10.
CHAPTER 4 068 - 1.
068 - 12.
059-1. c
059-2 a 069 - 1.
059 - 3. f.
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The ratio of light transmitted through a film to the
incident light.
a. L

i

>O0rnr0pr»>

To reduce the exposure necessary to produce the

desired radiographic density.

a. Base—support.

b. Reflecting material—reflects light photons, emitted
away from the film, back toward the fiim.

c. Phosphor—emits visible light when exposed to
X-rays.

d. Protective coating—prevents static, protects the
phosphor, and permits cleaning.

Screen films are especially sensitive to blue-violet light,
which is emitted by intensifying screens.

Fast. Slow.

Slow. Fast.

The larger the size of the crystals and the thicker the
layer, the less the detail.

Large crystals and a thick layer causes more light
diffusion, which in turn causes overlapping of the areas
under study.

F. The test is made to determine if there is a loss of
detail. .

F. It results in more light diffusion.

T.

F. Unsharp areas indicate poor screen-film contact.

No.
Yes.
Yes.

b, f, i

k.
f.

pooman

, a.
h.
g
f.
f,i.

Variation of film processing from one day to the next
and frgm one processor to another.

12y
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069 - 2. Expose a filmstrip to light and process it. Determine
«arious densities from the film with a densitometer and
record the information on a chart.

070-1 A sensitometer produces equal repeated exposures
from one day to 'the next. Exposurc from a
radiographic unit varies frdm day. to day.

070 - 2. To prevent minor vanations from onc box of film to
another {rom affecting film densities.

070 -3 Immediately. because delays can affect the resulting
filns densities.

o7t-1 B

071 -2 C.day 6or 7:day I0.

071 - 3. You should be alerted that something may be wrong
with the processor at daysthreeand four.Ondayseven
the density is outside the tolerable limits: you would
still suspect processor trouble but should wait another
day to sce if the density returns to normal. Thedensity
s stable and well within the tolerable limits.

072 - 1. lIncreasing developer temperature.

072 - 2. Increasing exposure to safelghts.

073 - 1. Delayed recognition of potential problems.

073 - 2. Place the daily strip alongsidea base filmstrip from the
film manufacturer and compare the density steps.

073 - 3. Contrast. Because you must compare the difference
between density steps rather than the actual step
densities. ’

074-1. A.

074 -2. A

074-3. Yes, Aand C.

074 -4. A.

074 - 5. Highdeveloper temperature, high replenist mentrates,
and long immersion time.

CHAPTER 5

075-1. T.

075 - 2. F. Experience is perhaps morc advantageous than any
other factor.

075-3. T.

075-4. T.

075-5. T.

076 - 1. Diagnostic; mnimum.

076 - 2. The mAs; kVp; both.

076 - 3. 1t reduces the possibility of error and teaches you how
cach factor affects the radiograph.

076 -4. Yes. Good technique charts usually provide sufficient
kVp and mAs for a particular part. Consequently, you
can usually change cither the XVp or mAs to correcta
density problem. .

076 - 5. Background density, image density, and exposure
factors used.

076 - 6. mAs.

076 - 7. Underexposed; overexposed.

076 - 8. Check, results.

077-1. Refer to the characteristic curve of your brand of
X-ray film,

077-2. Considerably more mAs is required to increase the
density. *

077 -3. Doubie the mAs to double the density—halve the mAs
to halve the density.

077-4. Add 15percent of the kVp to double the density and
subtract 15 percent to halve the density.

078 - 1. The visible difference in density betweenthe structures
on a radiograph.

078 - 2. Radiograph A.

078 - 3. Radiograph B.

078 - 4. Radiograph C.
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078 - 5.
078 - 6.

079 - L

079 - 2.

079 - 3.

079 - 4.
079 - 5.
079 - 6.

080 - 1.
080 - 2.
080 - 3.
080 - 4.

081 -1,

081 -2
081 - 3.

082- 1.
082-2.

083-1.
083 - 2.

084 - 1.
084 - 2.
084 -3,
084 - 4.
084 - 5.

085- 1.

085 - 2.

085 - 3.

~ J

JONL

By affecting the sclective absorption of X-ray
photons, which is the difference in absorption by the
various structures.

The radiograph of the distal portion of the leg. Because
the difference between the thickness of the distal tibia
and fibula is less than the difference between the
thickness * of the proximal tiba and fibula.
Copsequently, there is less difference in photon
absorption.

Bone. Fat. Because their atomie numbers are the
highest and lowest, respectively, and the higher the
atormie number of a structure, the more photon
absorption due to the photoelectric cffect.
Radiograph B:

Radiograph C.

Lower.

Radiograph C.
Radiograph B.
Radiograph A.
Radiograph A.

Radiograph A.
Radiograph C.

An even distribution of density, usually over theentire
film, which is not caused by the selective abscrption of
photons.

It lowers the contrast.

It can increase the density to a point where we cannot
distinguish the difference between densitics.

20 mAs and 92 kVp.
80 mAs and 68 kVp.

150 mA.
1/10 sec.

18 mAs.

18 inches.

44 inches. R
25 mA.

1/20 sec.

It must produce consistent results. Sec to it that
technique charts arc available and used by all
personnel.

It must provide sufficient exposure of the film.
Sufficient mAs and kVp must be established for each
part.

It must be flexible. The mAs and kVp shouid be
selected between the extremes of the values available,
on your X-ray machine control panel to permit
change.

It must provide the desirzd contrast. Use the kVp range
which will accomplish this.

mAS.

The thickness of the part.

Contrast varics from one examination to another.

It is casy to apply. .
By trial and error.

One; four

It allows you to dctermine the kVp by mental ,
calculation rathier than by referring to the technique
chiart for cach measurement of a part. .
78kVp. -

4.

T.

T.

T.

F. Contrast is consistent for all examinations of the
same part. It may vary from part to part.

F. Preparation is difficult and time-consuming.
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088 - 1.
088 - 2.

089 - 1.
089 - 2,
089 - 3.
089 - 4.
089 - S.
089 - 6.

050 - 1.

090 - 2.
090 - 3.

090 - 4.

091 - 1.
0ol-2
091 - 3.
01 -4,
091 - 5.

091 -6.

01 -7
092 - 1.
092-2
092-3

092-4.
092- 5.

092 - 6.

092-7.

093 -1

093-2
093 -3,

093 - 4.
093 -5.

093 - 6.

094 - |.

ERIC
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Low mAs and high kVp (the highest kVp which will
produce radiographs to satisfy your radiologist).

Lower patient dosage, less heat units per exposure to
the X-ray tube target, and greater exposure latitude.

71 kvp.

100 kVp.

102 kvp.

20 mAs.

20 percent.

a. 30 percent.
b. 70 percent.
¢. 75 percent.

CHAPTER 6

The person involved and his state of health. Anelderly
person or someone in poor health is particularly
susceptibie.

Part of the body involved. The heart or brain are
especially susceptible.

Time of exposure. The longer the exposure, the greater
the effect.

Type of current. DC is more dangerous than AC.

T.
F. A fuse is designed to protect the electrical circuit.
T

F. Same as exercise 2 above.

F. Replacing a fuse with one of a higher rating is
NEVER permitted.

F. Have the medical equipment repairman replace the
fuse and find out the cause of the blown fuse before
usi1 7'the machine.

Proper grounding of the equipment.

the housing is isolated from the electrical circuits. To
prevent current from being introduced into the
housing.

Probably not. The current returns to earth through the
ground wire because it is the path of least resistance.
Probably not.

You would be shocked. Because you connected
yourself between the circuit in the initial appliance and
ground potential, you now are part of a completed
circuit, and current would easily flow through your
body.

a. Loose, bent, or otherwise defective power plugs.

b. Frayed or cracked power cords or other outside
electrical wires.

¢. The use of “cheater plugs.”

d. Missing ground prong on the power plug.

Do not use the piece of equipment. Report the finding
to a medical equipment repairman.

Very little. Because the resistance of the skin is
bypassed by the catheter.

One one-thousandth.

Ves. There is danger from leakage current, which can
exist even if no wiring defects are present.

The contrast medium 1n the catheter. Yes.

The patient is grounded through the film changer
and/or X-ray table. Yes.

Yes. Because there may be a difference in potential
between the injector and film changer, which could
cause current to flow through the patient.

Insure that all the electrical equipment in the room is
grounded to the same ground potential. Have the
room rewired if necessary.
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094 -2,
094 - 3.
094 - 4.

095 - 1.
095 - 2,

095 - 3.

095 - 4.
095 - 5.

095 - 6.
095 - 7.

096 - 1.
096 - 2.
096 - 3.

096 - 4.
096 - 5.

096 - 6.
096 - 7.
096 - 8.
096 - 9.
096 - 10.

097- 1.
097 -2

097-3
097 - 4.
097 - 5.

097 - 6.
097 - 7.

098 - 1.
098 - 2.

098 - 3,

059 - 1.

100- 1.
100 - 2,

100 - 3.

Do not alter power plugs, wiring, oranything affecting

the equipment ground,

Have heavy duty, three-way line plugs installed on ali
ower cords. “

nspect the equipment before each examination for

frayed line cords, broken plugs, deteriorated

insulation, or other equipment defects.

Darkroom; shock.

The tank is probably grounded, and when in contact
with it, you are at ground potential.

Yes. Because you have placed yourself into a circuit
and are subject to shock if the dryer wiring is defective.
Hangers; water; floor.

Touching only one electrical appliance at a time. It can
help prevent your body from being at ground
potential.

Turn; off. R
Kerp water mopped up from the floor, and keep your
hands as dry as possible.

T.

T.

F. You must make sure the object you use to separste
him from the source is nonconductive. Dry wood,
clothing, rope, a blanket, or other similar materials
should be used.

T.

F. The head position is not important for closed-chest
heart compression, but is important for mouth-to-
mouth. During mouth-to-mouth the head should be
in the “sword-swallowing” position.

T.

T.

F. It should be depressed 1%4 to 2 inches.
T.

T.

They are absorbed by the patient.

By removing a good portion of the low-cnergy
photons.

Filtration built-into the X-ray tube. It 1s usually from
0.3 mm t0 0.5 mm aluminum equivalency, depending
upon the type of tube.
0.2 mm.

1.5 mm.

2.0 mm. .
By reducing the number of low-energy photons and the
minimum photon energy.

-

They increase the mean energy of the beam.

They permit a short exposure’time, thereby reducing
repeat radiographs because of part motion.

They provide more exposure latitude, which reduces
repeat radiographs due to the use of incorrect exposure
factors.

It limits the area of exposure to that necessary to
visualize the part under study. It prevents repeat
radiographs due to excessive film fog.

The outer limits of the X-ray field.

Only that it was larger than the film. The collimator
could have been wide open.

There is no particular size. It depends upon the film
size, patient size, and part under study. The tmportant
thing is for you to see a border of some siz¢ on most
radiographs.

Hips, femurs, and lumbar spinés.”

Abdomens, intravenous pyelograms, sacrum, and.

COCCYX.
Make sure the shield does not. interfere with the
examination, and do not substitute the shield for
proper beam collimation.

L2,




101 - 1
101 -2,
1013

102 - 1.
102-2,
-3

102 - 4,

103 -1,
13- 2

103 - 3
' 103 - 4,

104 - 1.
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Less exposure s required to produce the radiograph,
Some detail.
Use medium or slow screens for body parts requiring
maximum detml and high-speed screens for other
radiographs.

C.

C. ~

The shorter the developing time. the greater the
patient exposure,

The time recommended by the film manufacturer.

Never expose yourscil‘ to the pnimary beam.

Always remain behind a protective barrier when
making an exposure.

Stay as far away from the radiation source as possible.
Wear a protective apron duning fluoroscopy.

Insure that afl personnel under your supervision are
thoroughly indoctrinated in the proper use of the
dosimeter.

104 -2, You are responsible for the proper use of the
dosimeter.

105-1. T.

165 - 2. F. The belt is at waist level and the dosimeter is worn
above the waist.

105 - 3. F. Itis worn during fluoroscopy beneath the protective
apron.

105-4.- T.

105-5. T.

105 - 6. F. It assesses exposure to the head and lens of tha eye.

105- 7. F. It1s worn 1n addition to the other dosimters.

105 - 8. F. Dosimeters are used only for the purpost: specified
and at the location specified.

108 - 9. F. As a general rule this is true, but you must wear your
dosimeter when performing portable radiographs.

105 - 10. _f_ They must be stored outside a radiation urea.

105-11. T.

105 - 12. F. The identification can be placed on the frontaslong
as the window is not covered.

105 - 13, F. The chest dosimeter only is used to measure whole-
body exposure.

<
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| LMATCH ANSWER 2 USE NUMBER 1 OR
5 SHEET TO THIS NUMBER 2 PENCIL.
| STOP - EXERCISE NUM-
. BER.
90370 01 21

| EXTENSION COURSE INSTITUTE
| VOLUME REVIEW EXERCISE

RADIOGRAPHIC FUNDAMENTALS
Carefully read the following:
DO’S:
1. Check the “‘course,” “volume,” and “form” numbers from the answer sheet
address tab against the “VRE answer sheet identification number” in the
righthand column of the shipping list. If numbers do not match, take action

to return the answer sheet and the shipping list to ECI immediately with a
note of explanation.

2. Note that numerical sequence on answer sheet alternates across from column
to column. °

Use a medium sharp #1 or #2 black lead pencil for marking answer sheet.

4. Citcle the correct answer in this test booklet. After you are sure of your
answers, transfer them to the answer sheet. If you have to change an answer
on the answer sheet, be sure that the erasure is .complete. Use @ clean eraser..
But try to avoid any erasure on the answer sheet if at all possible.

5. Take action to return entire answer sheet to ECL

6. Keep Volume Review Exercise booklet for review and reference.

7. 1f mandatorily enrolled student, process questions or comments through your
unit trainer or OJT supervisor.
If voluntarily enrolled student, send questions or comments to ECI on ECI

Form 17.

DON'TS:

1. Don't use answer sheets other than one furnished specifically for each review
exercise.

2. Don’t mark on the answer sheet except to fill in marking blocks. Double
marks or excessive markings which overflow marking blocks will register as
erTors.

3. Don't fold, spindle, staple, tape, or mutilate the answer sheet.
4. Don't use ink or any marking other than a #1 or #2 black lead pencil.

NOTE: NUMBERED LEARNING OBJECTIVE REFERENCES ARE USED
ON THE VOLUME REVIEW EXERCISE. In parenthesis after each
item number on the VRE is the Learning Objective Number where the
answer to that item can be located. When answering the items on the
VRE, refer to the Learning Objectives indicated by these Numbers. The
VRE results will be sent to you on a postcard which wili list the actual
VRE items you missed. Go to the VRE booklet and locate the Learning
Objective Numbers for the items missed. Go to the text and carefully
review the areas covered by these references. Review the entire VRE again

before you take the closed-book Course Examination.
0 -5




Multiple Choice

1. (001) The movement of electrons through a conductor constitutes an electrical

a., charge.
b. current.

c. voltage.
d. resistance.

2. (002) Material A has one valence electron, material B has three valence
-~ electrons, and material C has four valence electrons. Classify the materials

) Qb

as conductors, semiconductors, or insulators.

a. A-=conductor; B--semiconductor; C-—insulator.
b. A—conductor; B—conductor; C--semiconductor.
c. A=--insulator; B-—semiconductor; C-—conductor,
d. A—insulator; B-—conductor; C--semiconductor.

3. (003) The standard symbol used for voltage is

a.
b.

. C. .

I 1
o 1

.. (004) In the value "10Q," the "10" refers to the amount of resistance (R)
indicated and the symbol "Q" is read

a, "amps." c. '"volts."

b, "ohms." d. "watts."

5. (005) The resistance of a wire conductor as computed for a circuit depends
on all of the following except

o \

)

a. ‘temperature. c. type of insulation. '
b. length. d. crosssrsectional area.

6. (006) How much resistance is present in a circuit if the voltage is 220 and
the current is 10 amperes?

a. 0.0uQ, c 210Q.
b. 229. d. 2,2209.

7. (007) If, on a schematic of an electrical circeit, a number is shown alongside
a symbol of a battery, the number represents the

a. battery voltage. : c. number of cells. .
b. battery current. d. number of circuit components.

8. (008) ALl of the following are basic electrical circuits except

a. resistance-parallel. c. parallel.
b. series-parallel. d. series,

3. (009) The reciprocal method is one of several for determining the
a. total current in a series circuit.
¢ 5, effective voltage in a parallel circuit.

c. effective resistance in a parallel circuit.
d. total voltage in a series-parallel circuit.

O
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145,

1l.

13.

1y,

16.

17.

J-/

(£10) Redrawing a circuit before making calculations is an effective and easv //
nethod to

a. find the total resistance in a series>parallel circuit.

b. determine the voltage drop across several resistors.

c. determine the total current in a complicated circuit.

d. find the voltage and current values of a parallel circuixt.

(011) The strength of a magnetic field depends upon the

a. location of the poles.

b. relative size of the ends of the bar.

¢c. number of lines of force per unit area.

d. direction of travel of the lines of force.

(012) In an unmagnetized iron bar, the magnetic dipoles of the material are

a. arranged at random.

5. pointed toward the periphery.

¢. molecular in size and have no north or south poles.

d. arranged so that their north poles point in one direction.

(013) A straight, current-carrying conductor has a magnetic field
a. with few lines of force. -

b. only if the current is DC.

c. with no north or south poles.

d. which does not expand or collapse.

(01u) All of the following factors affect the strength of the magnetic field

of a coil except the \ .
a. iron core. c. turns per inch. .
b. retentivity. d. current‘magnitude.

(015) The "centering effect" of an iron core is best described as

a. the centering of a lead core to a current-carrying coil.

b. an iron core not remaining inside a current carrying coil.

c. an iron core is inside a wire coil that cannot be removed unless
current is applied to the coil.

d.. a core suspended inside a wire coil, with current causing the core to
center itself to the length of the coil.

(016) A relay operates on the principle that

a. electromagnetism increases current flow.

b. arcing in highevoltage circuits is dangerous.

<. an electromagnet attracts magnetic substances.

d. a current-carrying coil has two magnetic fields if the current is AC.

(017) The coil in a permanent-magnet, moving-coil meter is caused to rotate
by the

a. coil bar attracted to the north pole.

b. magnetic field of the needle repelling the electromagnetic south pole.

c. poles of an electromagnet opposing the poles of a permanent magnet.

d. permanent magnet aligning itself with the magnetic field of the Yelectro-
magnet.

13,
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18.

19,

20.

21,

23.

25.

26.

(018) Which one of the following statements best compares current flow of AC
to that of DC?

a. AC flows from negative to positive; DC flows from positive to negative.
b. Both flow from negative to positive; AC constantly changes directions.
¢. Both flow frem positive to negative; direction of flow is the same.

d. DC constantly changes in value; AC does not.

(013) The sine wave of AC is a good representation of the

a. actual current plotted aginst time.

b. actual voltage plotted through 360°.

¢. changing values plotted against time. .

d. specific voltage and current values in relation to the resistance.

(020) Which one of the factors listed below is not a requirement for
electromagnetic 1nduct10n°

a. Conductor, ¢. Magnetic field.
b. Iron core. d. Relative motion.

(021) Mutual and self-induction occur without moving the conductor due to

a. movement of the iron core.
b. the consistent value of DC.
c¢. the expanding and collapsing magnetic field.
d. the high current generated insthe wire coil.

(022) Transformer action can be defined as the process cf

a. conducting current and\voltage in an AC circuit.

b. “educ4ng voltage and current values by mutual indugtjon,

¢. 1increasing the olectrlcal energy la a circuit by self~-induction,

d. transferrlng electrical energy from one circuit to another by electro-
magnetic induction.

(023) Improper adjustment of the line voltage compensator on the auto-
transformer may result in

a. lewer tube capacity. c. AC across the X-ray tube.
b. inaccuracy of the timer. d. 1light or dark radiographs.

(024) Three-phase AC produces how many pulses per cycle aiross the X-ray tube?
a. One or two. ) ¢c. Two or twelve.
b. Six or twelve. d. One, two, or sik.

(025) Which rne of the following statements pertains to the relationship
between voltage waveform and electron energy? .

a. Twelve-pulse produces higher maximum electron energy than does six-pulse.
b, Twelve-pulse produces higher average electron energy than does two-pulse.
c. One-pulse produces higher average electron energy than does two-pulse,

d. Six-pulse produces higher maximum electron energy than does two-pulse,

(026) Average photon energy from a éﬁree-phase generator is higher than that
from a single-phasg generator because in the former
¥
a. the current is lower. .
b. the current is higher.
c. the peak voltage is higher.
d, average electron energy is higher.

4 p
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(027) The intensity of the X-ray beam is higher from a three-phase generator
than that from a single-phase generator when equal tube currents are used becau.e

*

a. image-forming radiation is continuously proguced. =~ K .
b. low-energy photons are continuously produced. ' e
c. hlgh-energy photons are produced three-fourths of a glven time period.

d. non-image-forming radiation is produced only at the bottom of the wave.

(028) If 100 kVp is used for a radiograph on a three-phase machine, what kVp /
should be used for the same radiograph on a single-phase-machine? o

a. 85. | ' c. 11s.

b. 90. d. 120. ’

(029) How does tube capacity compare between single-phase and three-phase
tubes for exposure times between one-half and one second?

Lower with three-phase. \
_Higher with three-phase.

They are approximately equal.

Lower with three-phase when low tube voltage is used..

oo U

(030) Use of the STAND-BY button on the exposure switch should be kept to a
minimum in order to

reduce off-focus radiation.

prevent heat buildup in the anode.

reduca surnface etching of the target.
prevent vaporization of the tube filament.

o U

(031) Which one of the following is considered the chief advantage of an X-ray
tube with a biased focal spot? G!‘{ .

a. EIxposures are grid controlled.

b. It permits higher heat loading. :
c. Accumulative heat units are lower. )

d. It prevents a double imagd on the film.

1
(032) Two advantages of a grid-controlled X-ray tube are

short exposures and lower patient dosage..

short exposures and lower photon energies. —_—
less heat units per exposure and higher photon energles

more detail on an angiogram and lower photon energies. e

[ Vo T o i 1}

(033) How-many heat units are generated in a three-phase generator if the
exposure factors are 100 mA, 1 sec, and 85 kVp?

a. 850. c. 11,10C,
b. 8,500. d. 11,475,

(034) Which one of the ‘ollow1ng can be determined form a single-exposure tube
rating.chart?

a. mA and kVp only.

b. Heat units only.

¢, mA, kVp, and seconds. +
d. kVp and seconds and heat units.
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(035) You are required to use an angiographic rating chart to determine whether
or not the total number of exposures per angiographic examination axceeds' the
maximum limits of the tube. You have this data available from your radio- .
logist: 4 exposures per second, for 13 seconds. The exposure ‘factors are

£00

a.
b.
c.
d.

by,

a.
b.
c.

d.

mA, 1/20 sec, and 80 kVp. Which statement below is not a correct procedure?
Use 2000 as the maximum load per exposure, ) . ’
Move up to the .total number of allowable exposures.

Find 52 exposures per second on the left margin of chart.

Mové across that column to the maximum load per exposure.

(036) On an anode gooling chart, you find the cooling time between examinations
]

(3

comparing the mAs with the kVp.
looking at’ the readings along the left margin.
following the cooling curve and correlating the curve with the horizontal
smde.ﬂ

’ -oylng the correct cooling curve !then performing a calculation, and
followlng anq}her curve before taklng a second reading.,

«

(037) What should be adjusted on the X-ray machine control panel to change the
penetratlve ability of the X-ray beam?

a.
b.

mA. c. mAs.
kVp, ) d. Exposure time.

?

(038) Which of the following X-ray machine controls should be used to alter

the
a
b.
c
d

number of photons per square inch in the X-ray beam?

mA and kVp only, .
mA and exposure time only. .
» kVp, and exposure time.
kVp, exposure time, and line voltage compensator.

(039) The inverse square law affects the primary beam by

(040) The anode heel effect is caused when!,

a,
b.
c.
d.

eliminating the low-energy photons.

regulating the mean energy of the beam. -~ . >
affecting the number of photons:per unit agea, -
increasing tbe intensity on the cathode side of the tube.

b

4

target material absorbs photons.,

some photons have less energy than others.

a small focal spot emits a heterogeneous beam.

a large focal spot provides greater variation in beam intensity.

el T
>

(041) Which'of the following anode angles provides the gredtest variation in
beam intensity?

a. 10°, c. 15°,
b, 129, d. 17°.
(042) Which of the following focal spots should be used to provide the best
detail? )
a. 0.3 mm. C. 1.5 .
b. 0.5 mm. d. 2.0 .
4
\

150




3. (043) The factor most important when deciding what focal spot to use with a

L)

particular examination is the . -
° kY
a. necessity of detail. Cc. contrast scale desired.
b. capacity of t@e tube. . d. number of exposures required. .
44. (0484) If a radiograph of the knee shows too much magnification, which one of
the following changes could be made to decrease the magnification? Py .
a. Decrease the FIT. ) c. Decrease the exposure. !
“ b. Increase the FFD. d. Increase the part-film distance.
¢ r

45. _ (0u45) %hy should distortion be kept to a minimum on a radiograph?

a. Interpretation is easier.

b. Distortion decreases penumbra.

¢. Linear fractures are obscured.

d. Enlargement of a part can indicate pathology.

46. (046) A practical way to provide contrast between the gallbladder and
surrounding structures is to

a. decrease the contrast.

b, 1increase the filtration. ’
c. double the size of the projected area.

d. use a collimator to restrict the field size.

7. (047) AFM 161-38 requires that all X-ray machines have a collimatcr except

a. therapeutic units. c. special-purpose units.
b. multipurpose units. d. general-purpose units.

48. (0u8) A required collimator must be adjusted if any side of an X-ray field
deviates by more than what percent of the FFD?
{
a. 2. ‘51
b. &, :

c. 6.
d. 10.

43. (049) Which cne of the following body parts may normally be radiographed with
or without a grid?

a. Chest. c- Skull.
5. Wrist. d. Pelvis. l
1

50. (050) The grid radius is of importance primarily because of its effect on the

a. FFD,

b. tube alignment.

¢. efficiency of the grid.

d. height of lead strips and interspaces.

lead strips are less visible op the radiograph and therefore

. give better constrast.
have more lead content.
interfere less with interpretation.
can be safely moved during exposure.

Q.0 U

51. (051) The greatest advantage of a grid with many lines per inch is that the
|
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(052) The use of a crossed grid as compared to a linear grid

a., has an unlimited usage.

b. has less lead in the grid.

c. has an effective ratio twice its nominal ratio.
d. permits the tube to be angled in unlimited ways.

(053) MNormally, the type of grid to use to prevent grid lines at very short
exposure times weuld be a

a. moving Potter-Bucky. c. recipromatic Potter-Bucky.
b. Potter-Bucky of any type. d. reciprocating Potter-Bucky.

(054) Grid efficiency refers to the amount of scatter radiation absorbed
compared to the amount of

a. photon scatter. c. lateral decentering used.

b. microline grid exposure. d. primary radiation absorbed.

{055). Lateral decentering of an X-ray tube causes

a. a fog over the decentered area.

b. an even fog over the entire radiograph.

c. aun even loss of radiographic density over the near side of the film.
d. an even leoss of radiographic density over the entire film.

(056) Which one of the follcwingz actions should be taken to determine the
tolerance of grids if fezal ranges are not specified by the manufacturer?

. Apply mere XVp.

. Increase the mAs.

. Use a densitometer.

. ¢Cbtain the manufacturer's reccmmen-iations.

Ao U

(057) If a grid radiograph shews a loss of density on one lateral margin of
vhe film, which of the following types of decentering was likely present at
the time of exposure?

a. Focus decentering.

b, Lateral decentering only.

¢. Distance decentering only.

d. Lateral and distance decentering. .
(058) Select the maximum tube angle which can be allowed if you desire to
aveid a noticeable loss of density over the entire radiograph in a case where
the grid ratio is 16:1.

a. 19, . c. 6°.
5, 39, d. 8°.

(059) Which one of the following indicates that the compositicn of the X-ray
film has been especially adapted for use in 90-second Processors?

a. Polyester base. ¢c. Cellulose acetate base.
5. Two subcoatings. d. Emulsion on one side only.

(060) wWhich type of X-ray film provides excellent detail for small parts and
because of its thick emulsion requires longer processing?

a. Dental only. c. llonscreen.
. Screen only. d. Both dental and screen.
8 1Ju
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(061) A densitometer shows that part "X" of a radiograph has a dens.ty of
1.0, while part J¥" has a density of 3.0. Which statement below compares the

incident light tbansmitted through "X" to the incident light transmitted through
'IY"?

a. 1 percent to 3 percent. c. 0.1 percent to 10 percent.
b. 3 percent to 1l percent. d. 10 percent to 0.1 percent.

(062) Which one statement below is typical of the characteristic curve of an
X-ray film.used to determine the specific mAS changes necessary to raise or
lower a radiograph density?

Density is plotted on the horizontal axis.

Log relative exposure is plotted on the vertical axis.

Values of mAs that can be applied to the scale are limited.

. The horizontal axis, "log relative exposure,'" représents the mAs required
to change density. *

[V L« 1]

(663) The inherent film fog, as determined from reference to the toe of the
£film's characteristic curve and judged on a general basis, is excessive if it
exceeds a density of

a., 0.2 c. 1.5
b. 1.0. d. 2.0.

(064) The name of the layer of material of an intensifying screen designed to
expose the film is called a

a. base. c. protective coaténg.
b. phosphor. d. reflecting material.

(065) As the speed of intensifying screens beccine higher, there is a resultant

a. decrease in the life of the X-ray tube.

5. reduction in radiographic detail and clarity.

c. increase in the transmission of radiation to the patient.

d. increase in radiographic-exposure time necessary for clarity.

(066) A part of the process of making a valid screen-film-contact test
consists in inspection of a

a. wire mesh image. c. densitometer reading.
b. voltmeter reading. d. thickness-gauge measurement.

(067) 1If, during a valid screen-lag test, half of the film is found to be
exposed while the other half is not, it may be concluded that

a. screen lag is present.

b. screen lag is not present.

c. fluorescence stopped at the time of esposure.

d. no evaluation can be made without the name of the test.

(768) Exposed crystals in films are changed to black metallic silver during 4
film processing by

b3

a. sodium sulfite.

. phenidone, metol, and hydroquinone.

. potassium alum and sodium carbonate.

gluteraldehyde, acetic acid, and scdium thiosulfate.

0 W
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(069) To insure consistent high-quality production of radiographs, each
processor should be checked daily using a

a. cleaning agent.

b. wvoltmeter only.

c. densitometer only.

d. sensitometric film strip, a densitometer, and a recording chart.

70. (070) One requirement pertaining to the use of the sensitometer and radiographic
film while conducting a processor evaluation test includes

a. reserving one box of film for the evaluation.

b.” substitution of a radiographic unit for a sensitometer.

c. exposing film every two days and processing as a matter of convenience.
d. insuring all procedures remain the same.

«71. (071) To measure the density in evaluating filmstrips, a density step between
0.9 and 1.2 is selected because these densities

a. cover the average normal densities.

b. comprise the allowable upper limits of densities.

c. comprise the allowable lower limits of densities.

d. are located on the portion of the characteristic curve most sensitive to
changes in processing.

72. (072) The base fog of a filmstrip is easily measured by

a. the contrast of two exposed steps.

b. looking at the manufacturer's specifications.

c. the density of the unexposed density step.

d. increasing the developer temperature to a high value.

72. (073) If processing is accomplished without using a densitometer, the most
difficult comparison to make is of
a. density. c. contrast.
b. base fog. d. base fog coupled with density.

74. (074) Underdevelopment that permits variatious Letween processors can be caused
by such factors as

a. low replenishment rates. c. low fixer immersion time.
b. high replenishment rates. d. high developer temperature.

75. (075) As measured with a densitometer, the average density for most radiographs
should be approximately

a. 0.5, c. 2.5.
5. 1.5, d. 2s.

76. (076) To change density with kVp or mAs, all of the following should be
considered except

». background density.
¢c. exposure factors used.

l

:

|
a. image density.
d. ‘increase mAs if too little kVp is used.

1,
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77. (077) The most reliable and accurate way to determine the exact mAs change
required to make a specific change in the film density is to

a. use a rule of thumb.

b. make mathematical calculations. y

c. double or halve the mAs to double ©F halve the density.

4. rpefer to the characteristic curve of the brand of X-ray £ilm used.

78. (078) In radiology, "the visible difference in density between areas or
structures on a radiograph” is defined as

a. contrast. c. long-scale contrast.
b. high contrast. d. short-scale contrast.

79. (079) The three factors—sStructure thickness, atomic number, and density—
affect the contrast on a radiograph by

a. eliminating film fog.

b. negating the affects of film contrast.

c. affecting the selective absorption of the photons.
d. shortening the exposure time thereby affecting selective absorption.

e

80. (080) The one most important factor affecting the selective absorption and
contrast on a radiograph is best designated as

a. energy. c. penetrative ability.
5. wavelength. d. kVp selected on the control panel. .

gy. (o08l) Film fog, as it occurs on radiographs to reduce their contrast, is
caused by all of the following except

a. scatter radiation.

b. improper processing.

c. deliberate film exposure.

d. exposure of the film to either light or to radiation leaks.

82. (082) A radiograph made with 100 kVp and 30 mAs is properly exposed but lacks
contrast. Which of the following values should be used to produce a second
radiograph that is equal in overall density to the first with proper contrast?

a. 350 kVp and 60 mAs. c. 110 kVp and 15 mAs.
b. 85 kVp and 60 mAs. d. 115 kVp and 15 mAs.

83. (083) The mA-sec formula that you should use in your computation to control
undesirable motion and thus enhance image detail is

a. Qﬁg:géiz:secz:secl. c. 951:§EE.::E§Q’SQCQ‘
b. Tﬁizﬂfq::se°2:§351‘ d. gée:géizzseczzsecl.

au. (984) A technique chart may specify a technique of 1% mAs using a 56-inch FFD;
however, if because of 1imitations, it may become necessary to use a 28-inch FFD,
Such a requirement will then necessitate a new mAs of

a. 2.5. c. 7.0.
5. 3.5, &. 56.

s5. (085) Which one of the following four basic requirements for establishing a
s~andard system of exposure factors would be sought in keeping both the mAs
and the xVp within a range from which either may be increased or decreased?

a. Flexibility. c. Desired contrast range.”
». Consistent results. 4. Sufficient exposure of film.
11
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(oés) One absolute requirement for use of a chart employing variable kVp
techniques is to

“a. also vary the mas.

b. insist that no two individuals use the same chart.
c. know the part thickness in centimeters along the path of the CR.
d. make a two~kVp change for each centimeter of part change, without exception.

(087) All of the following are descriptive of the "fixed" kvp technique excect

a. contrast is consistent for all body parts.

b. the system is fast falling into disrepute.

c. mAs varies depending upon the size of the part.

d. a change from 40 to 50 mAs for a larger part is appropriate.

(088) All of the following statements list advantages of using high kVp
techniques except

a. there is greater exposure latitude.

b. there is.less absorption of photons by patient.

c. X-ray tube is subjected to fewer heat units per exposure.

d. the time and effort it takes to prepare the chart used is negligible.

(083) Changes of exposure necessitated by the presence of a cast or the
patient's age require reference to tabular data called

a. compensatory factors. c. collective factors.
5. compensation factors. d. collateral factors.

(090) The amount of current constituting a lethal shock varies with all of
the following excert

a. type of current. c. age of the patient.
b. ionizing radiation. d. part of body involved.

(091) A burned out fuse in an X-ray machine should be replaced

a. by one of the same rating. c. with one of a higher rating.
b. with one of a lower rating. d. by a medical equipment repairman.

(092) An important safeguard to protect service personnel and patients frum
electrical shock in case radiology equipment shorts the operating current to
the housing is to

a. properly ground the eguipment.

b. replace the fuse with a smaller one.

c. rely on the fuse for adequate protection.

d. touch both its housing and another grounded piece of equipment
simultanecusly.

(093) During angiography, in which a catheter is inserted into the blood strear,
what measure of the lethal skin current is required to produce ventricular fib-
rillation? ' ,

a. 1l/l0. c. 1/1,900.

5. 1/1¢00. d. 1/10,000.

11,
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94. (738) An electrically safe atmosphere for an angiographic patient can be
created by ,

a. using nonconductive contrast media.

5. grounding all electrical equipment to metal water pipes.

c. using only three-prong, heavy-duty line plugs when cords are frayed.

d. grounding all electrical equipment to the same ground potential.

35, (095) An effective precaution to help prevent electrical shock while manually
processing films in the darkroom is to

a. not turn the dryer switch ON.
5. work with dry hands and on a dry floor.
. c¢. always simultaneously contact the processing tank and the dryer.
d. make certain the dryer housing is Dot isolated from the power line.

36. (096) If another person accidently comes into contact with a hot wire and is
thereby knocked unconscious and frozen to the circuit, the very first action
tc be taken is

. turn the power OFF.

. seek additiocnal help.

. phone for a physician.

. pull the victim from the electrical source.

0o tre

97. (097) Filtration of the X-ray beam lowers the patient's exposure by removing

a. most of the medium energy photons.

%. the aluminum equivalency of the tube.

c. all of the low-energy photons and consequently lowering the patient's
absorbed dose.

d. a portion of the low-energy photons and consequently increasing the mean
energy of the primary beam.

38, (098) High kVp techniques reduce patient exposure in all of the following
way3 except to

increase the mean energy of the beam.

a.

z. lengthen the scale of contrast.
2. provide more exposure latitude.
4. permit shorter exposure times.

Cne of the two ways that proper collimation reduces patient's exposure

.
t it
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standardizes a 2-inch unexposed border around the sides.

‘ncreases the area of exposure to include significant adjacent areas.
increases film fog, making the X-rays themselves less pcnetrating.

. limits the area of exposure to that necessary for visualizing the part
under study.

o m

10¢) all of the following are important to prevent needless exposure of a
arient's gonads except

W~

. careful shielding for hip examinations.

use of shielding in addition to collimation.

covering them with lead-rubber shielding material. .
olacement of shield to insure superimposing over part under study.

O U7 fu
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(101) High-speed films and screens reduce patient's exposure to radiation
coupled with a

a. detail loss.

b. contrast loss.

c. gain in exposure time.

d. resultant increase in film fog.

(102) From an examination of characteristic curves that relate developing time
to patient's exposure, it is possible to conclude that the shorter the developing

time the

a, less the patient's exposure.

b. greater the patient's exposure.

c. less need there is for shielding.

d. less effect it has on the patient's absorbed dose.

(103) All of the following are valid rules for protecting oneself against
radiation except

a. remaining behind a protective barrier.

b. wearing a protective apron during fluoroscopy.

c. staying as far away from the radiaton source as possxble.

d. occasiondlly exposing oneself to the primary beam since scatter is
usually less hazardous.

(104) Technician responsibilities include »

a. repair of issued,dosimeters.

b. proper use of the dosimeter issued by a supervisor.

c. routine recording of levels for the personnel dosimeter.

d. checking levels and conditions of issued personnel dosimeters.

(105) If a dosimeter is used to record exposure to a localized area, what
must be done before it can be worn at any other body site?

a. Replace it.

b. Change the dosimeter film.

c. Recalibrate it for accuracy.
d. Record the localized exposure.

14
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Preface ' \

*WHAT DOES IT take to produce a diagnostic radiograph? Exact technique? Perfect
processing? Proper film holder? Good equipment? As you know, it takes all of these
factors, plus another very important one—proper positioning. All of the other factors
can be perfect, but if the positioning isn't correct, the radiograph may not be
diagnostic. As a “five level” you have, no doubt, taken your share of radiographs and
realize the importance of proper positioning techniques. You are probably also aware
of the fact that osteology and positioning go hand in hand. The ability with which you
position the patient is directly related to your knowledge and application of osteology.

As you agvance to the “7 level,” you will become more and more involved in quality
control. You™wiit have to evaluate radiographs and decide whether or not they are
diagnostic. If they are not, you must recommend the proper corrective measures to be
taken. It is obvious that you will not be able to perform positioning quality control
satisfactorily unless you have a good working knowledge of osteology and can apply
the correct wositioning techniques.

This volume is designed to provide you with information to aid you in quality
control. We will include almost a complete review of the osteology because of its
importance. Our review of the standard positions will be limited because you should be
able to perform them competently already. We will present, in detail, some frequently
used special or additional positions. We will also provide you with additional
information about the radiograph to help you evaluate the quality of a radiograph as
related to positioning.

We do not recommend that you repeat all radiographs that were improperly
positioned. There are other considerations, such as patient dosage, time element, and
the amount of information revealed by the initial radiograph. We do recommend that
you discuss quality control in detail with your radiologist. Get to know what he likes
and dislikes and then repeat or accept the radiographs based on his preferences.

If you have questions on the accuracy or currency of the subject matter of this text,
or recommendations for its improvement, send them to School of Health Care
Sciences, MST, Sheppard AFB TX 76311. NOTE: Do not use the suggestion program
to submit corrections for typographical or other errors.

If you have questions on course enrollment or administration, or on any of ECI's
instructional aids (Y our key to Career Development, Behavioral Objective Exercises,
Volume Review Exercise, and Course Examination), consult your education officer,
training officer, or NCO, as appropriate. If he can’t answer your questions, send them
to ECI, Gunter AFS AL 36118, preferably on ECI Form 17, Student Request for
Assistance.

This volume is valued at 24 hours (8 points).

Material in this volume is technically accurate, adequate, and current as of October
1974.
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CHAPTER 1

NOTE: In this volume, the subject matter is developed by a series of Leaming Objectives.
Each of these carries a 3-digit number and is in boldface type. Each sets a learning goal for you.
The text that follows the objective gives you the information you need to resch that goal. Tihe
exercises following the information give you a check on your achievement. When you complete
them, see if your ﬁnswerg match those in the back of this volume. If your response to an
exercise is incorrect, review the objective and its text, -

Osteology of the Extremities

WE BEGIN OUR STUDY of osteology with the
extremities. Some of the information in this chapter
will, no doubt, seem “old” to you because you
should already have a good working knowledge of
the material. Since you have performed many
radiographs of the extremities, you must also realize
by now that the effectiveness of your positioning is
directly related to your knowledge of anatomy.
Therefore, our- review of the basic osteology is,
reasonably complete. We will also present more the
detailed osteology that you need to pcrt;gnn atthe?
level.

In this chapter, we will discuss anatomical
reference terms, body planes, the lower extremity,
including the pelvic girdle, and the upper extremity,
including the shoulder girdle.

1-1. Body Planes and Anatomical Reference
Terms

in addition to the specific anatomy, you mustalso
know the relationships of the various parts. The
imaginary planes of the body are important so,
before we discuss the osteology of the extremities,
let's quickly review some anatomical reference

terms and the body planes. I

200. Identify the relative locations of various parts
of the body by correctly indicsting whether selected
statements, pertaining to the location of the parts,
are true or false. If you indicate*‘false,” explain your
answer.

Anatomical Reference Terms. To avoid any
musunderstanding and confusion in describing the
location of anatomical structures, we will usc the

standard body position as a point of reference. This
generally accepted standard position is called the
“normal anatomical position” or “apatomical
position.” This position is assumed when the body is
standing erect, the arms are hanging at the sides,
and the palms of the hands are turned forward (see
fig 1-1). When you use anatomical referénce terms,
you must visualize the body in this position.

“Anterior” and “ventral” refer to the front of the
body; “posterior” and “dorsal,” to the back. These
terms may also be: used to indicate relative positions
within the body. For the hands, however, “palmar”
is used instead of anterior. In describing the feet,
“plantar” refers to thesole and “dorsal” to the upper
surface. In describing the anterior surface of the
forearm and hand, the term “volar” can be used.

“Medial” refers to structures located nearer the
midline of the body; “lateral,” to those nearer the
side. For example, the tibia is medial to the fibula,
and the fibula is lateral to the tibia. These terms may
also be used to identify surfaces of various
structures. For example, the thumband littlc}mgcr
are located on the lateral and medial aspects of the
hand respectively.

“Superior” refers to a position above a particular
reference point; “inferior,” to a position below a
reference point. The thoracic vertebrae are superior
to the lumbar vertebrae, and the lumbar vertebra
are inferior to the thoracic vertebrae. ’

“Proximal” means nearer the attachment of a
limb or nearest the point of origin. “Distal” refers to
a position remote from the point of atfachment or
farthest from the point of origin. For example, the
shoulder joint is in the proximal arm, and the wrist
joint is in the distal arm.




Figure -1, Normal anatomical POSITION,

Exercises (200):

Indicate whether the following statements are true
orfalse. If youindicate “false,” explain your answer.

T F 1. The clbow is proximal to the wrist.

‘T F 2. The ileum is proximal to the jejunum.

TF3

T F 4. The sternum:is on the anterior side of the

body.

T F 5. The radius is medial to the ulna.

T F 6. The fibula is lateral to the tibia.

T F 7. The fourth cervical vertebra is superior to

the first thoracic vertebra.

201. Given definitions of the body planes, match
esch definition with the plane it describes.

Planes of the Body. The planes of the body are
imaginary planes that divide it into sections. They
are very useful as reference points for locating
anatomical structures. The median or midsagittal
plane divides the body into right and left equal
halves on its vertical axis. Any of the vertical planes
that parallel the median are called sagittal planes.
The frontal plane or coronal plane is any vertical
plane that divides the body into anterior and
posterior portions. The horizontal plane or
transverse plane is any plane that divides the body
into superior and inferior portions. The level of this
plane must be given: for example, the umbilical
plane cuts through the body at the level of the
umbilicus. Any transverse plane must be at right
angles to the median plane. (See fig. 1-2.)

Exercises (201):

Match the body planes in column B with the
information in column A by placing the letter or the
column B item in the space provided in column A.
Each column B item may be used once or more than

once,
14

The sole of the foot is the plantar surface.
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Figure 1-2, Planes of the body.
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“ Column 4

Divides the night half ot the
body into medial and literal
portions.

. Divides the body between

the sternum and spine
Divides the body into two
equal halves.

Separates the umbilicus
from the sternum

Is perpendicular to the
center of the film for an AP
lumbar spine.

1-2. The Lower Extremity

o)

Column B

Median or midsagit-
tal,

. Sagittal,

Frontal or coronal.

. Horizontat or

transverse.

Ttus section will cover the toes and foot, the ankle,
the leg. the knee and patella, the femur, and the
pelvic girdle.
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202. Given a list of statements pertaining to the
name, location, description, and number of bores
and joints of the toes and foot, indicate which are
true and which are false. (If you indicate “false,”
explain your answer.)

The Toes and Foot. The bones of the foot form an
arch which; in an architectural sense, strongly
resembles the old stone arches. The arch is
comprised of wedges, cubes, and long, relatively
straight sections, all of which join with each other to
provide structural strength and mobility. The
skeleton of the foot consists of three parts—the
phalanges, the metatarsals, and the tarsal bones.
Refer to figure 1-3 as you study the toes and foot.
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Calcaneus

Talus

Tarsals
(Posterior Sec)

Navicular
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Cuneciform Third
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M:-ra+arsals

(Micule Section)

Phalanges
(Anterior Section)

Navicular First Metatarsal

Calcanegus Talus First Cuneiform Pha.lantgee

Figure 1-3. Skeleton of the toes and foot.
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Phalanges. The phalanges of the toes are
arranged and identified in the same manner as are
the phalanges of the hand. Each is composed of a
body, a head, and a base. The tip of cach distal
phalanx terminates as the ungual tuberosity, or tuft.
Each toe has three phalanges, except the first, which
has only two. The phalanges of the first toc join in
this way: the distal phalanx joins proximally with
the distal end of the proximal phalanx, and the
proximal phalanx joins the distal end of the first
metatarsal.

The phalanges of the lesser toes join in much the
same way asthose of the first toe. The proximal
portions, or bases, of the distal phalanges articulate
with the distal portion, or heads, of the middle
phalanges. The bases of the middle phalanges
articulate with the heads of the proximal phalanges.
The bases of the proximal phalanges, in turn,
articulate with the heads of the metatarsals.

Metatarsals. The sole and lower instep are
formed by the metatarsal bones, which are classified
as short bones and are identified by the numbers one
through five from the medial to the lateral sides.
Each bone has a body, a base, and a head. The
metatarsals join distally with the corresponding
proximal phaianges of the toes, and proximally they
join the tarsal bones as follows:

a. The first metatarsal joins the distal end of the
first cuneiform and the medial surface of the second
metatarsal.

b. Thesecond metatarsal joins the medial surface
of the first cuneiform, the distal ends of the second
and third cunciforms, and the lateral and medial
surfaces of the first and third metatarsals
respectively.

¢. The third metatarsal joins the distal end of the
third cuneiform, the lateral surface of the second
metatarsal, and the medial surface of the fourth
metatarsal.

d. The fourth metatarsal joins the distal end of
the cuboid, the lateral surface of the third
metatarsal, and the medial surface of the fifth
metatarsal.

e. The fifth metatarsal joins the distal end of the
cuboid and the lateral surface of the fourth
metatarsal.

Tarsals. The tarsals, which are described below,
make up the posterior part of the foot and part of
the ankle. Because of their shape, they are classified
as irregular bones. Some of them, like the carpals,
are often referred to by more than one name.

The first. second. and third cunciform bones are
wedge shaped. They are located directly behind the

I -
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first, second, and third metatarsals, and in front of
the navicular. They are numbered from the medial
to the lateral side.

The cuboid is on the lateral aspect of the foot,
directly behind the fourth and fifth metatarsal
bones.

The navicular (tarsal scaphoid) is on the medial
side of the foot, directly behind the cunciform
bones.

The talus (astragalus), ‘through which the body
weight is transmitted to. the foot, is the second
largest tarsal. It is located behind the navicutar and
stightly higher than the other tarsals. The talushasa
head, a neck, and a body. The head is directed
slightly medially and upward to articulate with the
navicular. The superior portion of the body is a
smooth, trochlea-like surface, which articulates
with the tibia. The inferior surface has two smooth
surfaces, which articulate with the calcaneus. A
deep groove, the sulcus tali, separates the smooth
surfaces. .

The calcaneus (os calcis), the largest of the tarsal
bones, is located on the extreme posterior portion of
the foot, beneath the talus. The superior surface of
its anterior two-thirds supports the talus and
receives the body weight transmitted from the talus.
The posterior one-third forms the heel. The
calcaneal tuberosity lies on the posterior part of the
interior surface. Itis slightly depressed inh the middle
and runs to both sides to form the lateral and medial
processes. A projection on the superoanterior part
of the medial calcaneal surface is called the
sustentaculum tali.

Exercises (202):

In the following exercices, indicate whether the
following statements are true or false (explain false
statements).

T F 1. There are 14 phalanges in the toes.

T F 2. The third toe has two phalanges.




TF 3

TF 7

TF 8

TF 9.

TF 10

TFIL

The first toe has three phalanges.

. In the fourth toe, the head of the distal

phalanx articulates wth the base of the
middle phalanx.

. There are five metatarsal bones.

. The fourth metatarsal is located on the

lateral side of the third metatarsal.

The metatarsals articulate distally with
the phalanges.

The first, second, and third metatarsals
articulate with the cuneiform bones.

Only four metatarsals join with another
metatarsal.

There are seven tarsal bones.

The first cuneiform is located on the
lateral side of the foot.
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T F 12. The talus is the largest tarsal bone.

T F 13. The most superior tarsal bone is the talus.

T F 14. The navicular is on the medial side of the
cuboid.

T F 15. The heel bone is the calcaneus.

T F 16. The sustentaculum talj is located on the
talus.

T F 17. There are 27 bones of the foot and toes.

203. Describe the anatomical structure of the
ankle.

The Ankle. Qur discussion of the osteology of the
lower extremity continues with the ankle. The ankle
is classified as a diarthrodial articulation, or a
hinge-type joint. It is formed by the distal articular
surface of the tibia, the medial malleolus, the talus,
and the lateral malleolus of the fibula. These bony
structures form a “mortise”—a preshaped and fitted
joint—which is held in place by various ligaments
and muscle tissue. The distal articular surface of the
tibia and the superior articular surface of the talus
form the horizontal portion of the mortise. The
medial malleolus, which is continuous with the
distal portion of the tibia, articulates with the
medial aspect of the talus and forms the medial side
of the mortise. The lateral malleolus of the fibula
articulates with the lateral aspect of the talus and
forms the lateral side of the mortise. The distal
articular surface of the tibia and the superior
articular surface of the talus are parallel to each
other and also parallel to the horizontal plane. The
malieoli, however, are angled about 10° off the
perpendicular plane; thus, they form an angle of
about 80° with the horizontal articular surfaces of
the tibia and the talus. These angles are important
for weight bearing and mobility. Some injuries to
the ankle mortise are severe, and every effort is
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made to maintain these angles during the treatment
of the injuries. Figure 1-4 illustrates the ankle joint,
and figure 1-5 illustrates the angles formed by the
ankle mortise.

Exercises (203):

1. What three major bones make up the ankle joint?

2. On which bone is the medial malleolus?

3. On which bone is the lateral malleolus?

4. Why are the angles formed by the ankle mortise
important? )

S. What type of joint is the ankle?

ANTERIOR ASPECT

Fibula

Figure | 4. The ankle joint.
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204. Name, locate, and describe the anatomical
parts of the leg.

The Leg. The leg consists of two bones—the tibia
and the fibula. We shall consider each separately,
starting with the tibia. Using figure 1-6 as a
reference will help you understand the descriptions.

The tibia. The larger of the two bones, commonly
called the shin bone, is the tibia, located on the
medial side of the leg. It has a shaft and two ends.
The distal end of thetibia is much smaller than the
proximal end. The inferior surface is smooth and
articular, and the medial surface extends downward
to form the medial malleolus.

The shaft of the tibia is somewhat triangular with
three surfaces and three borders. The anterior crest,
or border, which runs from just above the tibial
tuberosity to the anterior margin of the medial
malleolus, can be easily located by palpation. The
medial border begins at the posterior portion of the
medial condyle and extends downward to the
posterior portion of the medial malleolus. The
lateral border, often referred to as the interosseous
crest, begins in front of the articular surface of the
fibular head and extends down the bone. The
medial surface is smooth and slightly convexed; the
lateral surface is narrower than the medial. Wecan
describe the posterior surface best if wedivideitinto
thirds. The proximal third ends in the popliteal line.
The middle third has a vertical ridge which starts at
the popliteal line and gradually becomes indistinct
as it descends. The distal third is smooth.

The major parts of the proximal tibia are the
superior articular surface, the medial and lateral
condyles, the intercondylar eminence, and the tibial
tuberosity. The superior articular surface has two
smooth articular surfaces which are separated by a
groove. The smooth surface on the medial side is the
superior surface of the medial condyle. The
corresponding lateral surface is the superior
articular surface of the lateral condyle. Both of these
surfaces articulate with the condyles of thefemur to
form the knee joint. The grooves that separaic
these surfaces are the anterior and posterior
intercondyloid fossae. Located in the middle of the
intercondyloid fossa is the intercondyloid eminence
or spine of the tibia. Just below the condyles,
anteriorly, is the tibial tuberosity, which serves as
the attachment place for the patellar ligament. The
posterior surface of the proximal tibia contains the
posterior intercondylid fossa. On the posterior
surface of the medial condyle a deep groove runs
transversely, and on the posterior surface of the
lateral condyle is an articular surface for the head of
the fibula,

The fibula. The fibula, the smaller of the two leg
bones, is located on the lateral side of the leg, where
it acts as a split for the tibia. It also serves as an
attachment place for muscles and forms the lateral
portion of the ankle joint. Like the tibia, it has a
shaft and two ends. The distal end of the fibula is
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Parallel axis of adjoining articular margins
of lateral malleolus and talus

Figure 1-5. The angles formed by the ankle mortse.

shaped somewhat like a pyramid and contains the
lateral malleolus, which extends downward to
complete the ankle mortise.

The shaft of the fibula has four borders and four
surfaces. The anterior portion is divided into the
anterolateral and anteromedial borders. The
anterolateral border begins, proximally, in front of
the fibular head and runs distally for about half the
length of the bone. The anteromedial border, often
called the interosseous crest, begins just below the
fibular head and runs distally, parallel with the
anterolateral border, for the proximal one-third of
the bone The posterior portion of the shaft is also
divided into two borders, the posterolateral and the
nosteromedial. The posterolateral border begins

just above the fibular styloid process and extends
downward to the posterior portion of the lateral
malleolus. The posteromedial border, often called
the oblique line, begins at the medial side of the
fibula and extends obllqucly downward to the
interosseous crest. The anterior surface is between
the anteromedial and anterolateral borders. The
posterior surface is between the posterolateral and
posteromedial borders.

The upper expanded end of the fibular head
articulates with the fibular articular surface of the
lateralcondyle of the tibia. However, the head of the
fibula does not enter into the formation of the knee
joint. The styloid process is that portion of the head
that rises into a point above the articular surface.

15,
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Exercises (204):

i. What two bones comprise the leg?

2. Which leg bone is smallest?

3. What is the most distal portion of the tibia?

4. What is another name for the lateral border of
the tibia?

5. Name the five major parts of the proximal tibia.

6. Where does the patellar ligament attach to the
tibia?

-— Swpernior Articutae Suiface OF Lateral Condyle

PROXIMAL END
Intercondylar Eminence
Latcral Intercondylar /\ Medial Intercondylar
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" ‘IE!.

4 i

% [
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Fibul —-——--o"‘ N

i

‘

Distal Third
Latural Maliedlus / Medial Mallesius

DIBTAL END
POSTERIOR VIEW

Figure 1-6. Bones of the leg.

7. What is the most distal portion of the fibula?

s
M

8 Is the head of the fibula on the proximal or

distal end?

9. Where is the fibular styloid process located?

10. With what bone does the proxima)/portion of

the fibular articulate?

205, Given a list of the parts of the knee and patella,
match each with an appropriate descriptive
statement or phrase.

The Knee and Patella. The knee is classified asa
diarthrodial (hinge-type) joint. It consists, basically,
of the proximal articular surface of the tibia, the
distal articular surfaces of the femur, and the
patella. The tibio-femoral articulations, though, are
the parts most generally considered to be the




“knee,” while the patella is thought of as a separate
entity Therefore, we will first consider the knee as it
is classically described, and then take up the patella.

The knee. We have already discussed the
proximal articular surface of the tibia, so let’s look
at the femur. The distal articular surface of the
femur consists of two large condyles, one medial
and one lateral. They are separated by a large,
tuniiel-shaped notch, which is the intercondyloid
fossa. The distal portions of these condyles are
smooth and convex to enable articulation with the
tibial condyles. Two rough elevations, one on the
lateral side of the lateral condyle and the other on
the medial side of the medial condyle, superior to
the articular surfaces of both, form the lateral and
medial epicondyles, respectively. On these
eminences are attached the ligaments that, with
those attached to the tibia, bind the joint.

Thearticulation formed by the femoral and tibial
condyles are referred to as the tibio-femoral joints
(see fig. 1-7).

The patella. The largest sesamoid bone in the
body is situated in front of the knee joint—hence its
common name, “kneecap.” It is regarded as a
sesamoid bone because it is developed within a
tendon, has an ossification center presenting a
tuberculated outline, and is comprised of dense,

cancellous tissue. The patella is roughly diamond-
shaped, with the narrow end (the apex) pointed
down (see fig. 1-8). The superior aspect of the
patella is round and much wider than the apex. The
anterior surface is somewhat convex and is pitted by
orifices, which permit the passage of nutrient
vessels. The superior surface of the posterior patella
is divided into two articular facets to permit
articulation with the slightly V-shaped articular
surface of the anterior portion of the distal femur
(see fig. 1-7). The inferior surface is roughened for
the attachment of the patellar ligament. The patella
is superiorly housed in the expansion of the
quadriceps femoris tendon (the large muscle group
of the anterior thigh) and is inferiorly contained by
the fiber of the patellar ligament. Both fibrous
bands are continuous with each other, which
accounts for the apparent “suspension” of the
patella.

Exercises (205):

In the following exercises, match the knee or
patellar part in column B with the appropriate
statement in column A by placing the letter of the
column B item in the correct space in column A.
Each column B item may be used once or not atall.

Femur

Tibiofemoral
Joint

Tibiofibular

Fibula Fibula

ANTERIOR ASPECT

Tibia

POSTERIOR ASPECT

Femur |
Tibiofermoral

Fibula
| T‘bia

LATERAL ASPECT

Figure 1-7. The knee joint.
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Medial
Arxticularx
Facelt

Lateral
Krticular
Facet

ANTERIOR YIEW POSTERIOR VIEW

Figure 1-8. The patella.

i

Knee
Columin A Column B
—— 1. Between the femoral con- a. Knee joint.
dyles. b. Intercondyloid fossa.
—— 2. Diarthrodial or hinge-type  c. Femoral condyle.
— 1 Articulates with medial d. Condylar notch.
tibial condyle. ¢. Epicondyle.
— 4. Elevation on lateral side of
femoral condyle.
Patella
— 5. Infenor portion. a. Articular facet.
— 6. Joins with femur. b. Anterior surface.
— 7 Recewves nutrients. c. V-shaped articular
surface.
d. ‘Apex.

206. Name, locate, and describe the anatomical
parts of the femur.

The Femur. The femur, or thigh bone, extends
from the knee joint to the hip joint. From the hip
joint, the femur is directed somewhat medially and
posteriorly so that, at the knee joint, it is near the
center of gravity for the body. The femur, classified
as a long bone, consists of a shaft and two ends. We
have already discussed the distal end so let’s turn to
the shaft.

Shaft. The shaft is the long, rounded portion of
the bone that extends from the intertrochanteric
crest, proximally, to just above the epicondyles,
distally. It is broader at the ends than in the middle
and is widest at the distal end.

The posterior surface of the shaft contains the
linea aspera, a rough prominence that occupies the
middle one-third. Several less prominent ridges
extend above it; below it, two prominent ridges
extend downward to form the triangle on the distal
portion of the posterior femoral shaft. The area
within the triangle, deriving .its name from the
popliteal artery, is called the popliteal space.

Proximal end. This part consists of 'the head, the
neck, the greater trochanter, and the lesser
trochanter. The lesser trochanter is a small, rounded
prominence on the lower portion of the femoral
neck. The greater trochanter is a large, palpable,
irregular prominence, which extends outward and
slightly backward from the junction of the femoral
neck with the femoral shaft. The intertrochanteric
crest is the ridge of bone that extends obliquely
downward from the greater trochanter to the lesser
trochanter.

The neck is the constricted portion that unites the
head with the body of the femur, and the head isthe

_ upper, rounded, expanded area that joins with the

acetabulum to form the hip joint. Near the center of

" the head is an ovoid depression called the fovea

capitis where the ligamentum teres attaches. The
femur is shown in figure 1-9,

errcisec (206):

i. Name the rough area on the posterior middle
third of the femur. .

2. Give the configuration and location of the
popliteal space.

3. On which side (anterior or posterior) of-«the
femur is the intertrochanteric crest locatéd?

4. In what direction(s) does, the neck of the femur
cxtend from the femoral body? ’
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DISTAL END DISTAL END
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LI . Figure 1-9. The femur.

. 3. What part of the femur helps form the hipjoint?

. 6. Can the greatel trochanter be palpated?

head.

' 7 Name the depression un the center of the femoral
|

Intert:ochanteric
Crest

207. Given a 1ist of statements pestaining to thz
innominate bones and pelvis, indicate which are
true snd which are false. If you indicate*‘false,” you

. Mmust explain your answer.

The Pelvic Girdle. The pelvic girdle consists of the
two innominate, or hip, bones; the pelvis; the
sacrum; and the coccyx. It also provides fivs
articular surfaces consisting of both hips, both
sacrioliac joints, and the symphysis pubis. We will
investigate the bony parts first, and then the
articulations,

The innominate bones. Each inuominate bone,
commonly called the hip bone, is formed by the
fusion of what were once three separate bones. In
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tne adult skeleton. the two innominate bones form
the anterior and lateral walls of the pelvic girdle (see
ng 1-10).

The upper portion of the innominate bone is the
ilium. Its major components and landmarks are: the
budy. the ala, the iliac fossa. the articular surface,
the iliac crest. the anterosuperior iliac spine (ASIS).
the anteroinferior ihac spine (AIIS). the
posterosupentor iliac spine (PSIS). the
posteroinferior iliac spine (PIIS). and the greater
sclatic notch.

a. The body of the ilium is the thick part of the

bone just above the acetabulum.

b Theala(froma Latin word meaning “wing") is
the winglike portion of the ilium.

«. The iliac fossa is 2 large arca on the inside
surface of the ala -bounded by the iliac crest
superiorly and by the arcuate line inferiorly.

d. The articular surface, often. called the
auricular surface because of its “‘car” shape, is that
part of the internal alar surface thatarticulates with
the’corresponding articular surface of the sacrum to

>form the sacrioliac joint.

¢. The crest of the ilium (iliac crest) is the upper,
curved border of the ala.

/ The easily palpable anterosuperior iliac spine
is the bony prominence located where the iliac crest
joins the rest of the anterior iliac border.

2 The anteroinferior iliac spine is a bony
prominence located on the anterior borderata level
about | inch lower thun the anterosuperior iliac
spine. — -

h The ﬁstcrosuperior iliac spine is the bony
prominence located where the iliac crest joins the
rest of the posterior border.

i. The, posteroinferior iliac spine is the bony
prominence disectly below the posterosuperior iliac
spine on the posterior border.

/. The greater sciatic notch is a large notch just
below the posterior inferior iliac spine.

k. The ilium forms part of the acetabulum.

The ischium is the lower posterior part of the
innominate bone. Its major parts and landmarksare
the body. the ischial spine. the lesser sciatic notch,
the supcrior ramus, the ischial tuberosity, and the
inferior ramus,

a. The body of the ischium is the thick part of the
bone directly behind and below the acetabulum. It
also forms part of the acetabulum.

b. The ischial spine is a pointed prominence
extending backward and medially from the
posterior surface.

. The lesser sciatic notch is a small notch just
below the ischial spine

d the tmus s that paet ol the bane that
descends from the schial hady

¢ lhe ischial tuberosity 1s the large expanded
part located at the posterior surface of the ramus,
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The pubis forms the lower anterior part of ¢he
innominate bone. Its major parts and landmarks a1
the body, the superior ramus. the pubic tubercle, the
iliopectineal eminence. the obturator crest, and the
inferior ramus.

a. The body makes part of the anterioi portion of
the acetabulum.

b. The superior ramus is somewhat triangulae
shaped and extends upward and backward from the
pubic body to the acetabulum,

¢. The pubic tubercle, often called the pubic
spine, is a small prominence located on the upper
border of the pubic body.

d. The iliopectineal eminence. sometimes culled
the iliopubic eminence, is a rough crunence
marking the fusion site of the ilium-and the pubis.

e. The obturator crest is the lower border of the
superior ramus and extends from the pubic tubercle
to the lower margin of the iliopectineal eminence in
front of the acetabular notch. It is part of the
obturator foramen.

f. The infetior ratnus is the part of the bone that
extends downward from the pubic body 10 join the
ramus of the ischium.

g The obturator foratnen is a large hole between
the ischium and the pubic bones.

h. The pubic arch is the arch fornied by the
ramus of the ischium and the inferior ramus of the
pubis as tiey extend upward and join at the inferion
aspect of the symphysis pubis. It is usually a broad.
rounded curve in the female and a much smaller,
narrower. inverted, V-shaped angle in the male.

i. The acetabulum is the cup-shaped depression
that rgceives the head of the femur in forming the
hip jdint.

The pelvis. The pelvis is formed by the
innominate bones, the sacrum, and the coccyx. The
oval, bony ridge on the inner pelvic surface is the
pelvic brim. It begins at the superior border of the
symphysis publis and extends upward on both sides
along the superior rami .of the pubis and the
iliopectineal lines until it meets at the center of the
sacral promontory. '

The false pelvis, often called the major or greater
pelvis, is the part of the lowerabdomen bounded by
the pelvic brim and by the alae of the ilia on the
sides. The true pelvis. also called the minor or lesser
pelvis, is bounded by the pelvic brim above. the
sacrum and coccyx behind, and the symphysis pubis
in front. These structures form the pelvic inlet and
outlet. (See fig. 1-11.)

k.xercises (207)

Indicate whether the following statements are tru
or false. If you indicate “false.” eaplain y cur answei
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TF o9 Thcrc are two obturator foramina in the
innominate bones.

S0

Inneminate

T F 10. The inferior ramus of the pubis and the
body of the ischium form the pubic arch.

*
»

T F 11. The pubic arch in the male is shaped like
an inverted V.

A

T F 12. Four major bones form the pelvis.

Figure 1-11. The pelvis.

. . T F 13. The true pelvis is separated from the false
T F 1. The threc bones that comprise ,the pelvis by the pelvic brim.
innominate bones are theilium, the pubis, ~
and the ischium.

T F 14. The posterior margin of the false pelvis is
formed by the sacrum and coccyx.
T F 2. The iliac crest extends from the ASIS to
the PIIS. 3

208. Describe the anatomy of the sacrum and

T F 3. The sacrum articulates with a portion of  €0ccyx by giving the name, number, lccation, and
the iliac wing. description of the various parts.

The sacrum. The sacrum is formed from five
7~ atypical individual vertebrae, which, until about age
18, arc separated by cartilage. The sacrum

T F 4. The PSIS is located on the ilium. resembles a triangular wedge 2nd is located between
the two innominate bones at the lower part of the
vertebral column directly below the lumbar \
. . vertebrae. In this location, it forms part of the
T F 5. The ASIS is casily palpable. posterior limit of the pelvic cavity, Its main

components and landmarks are its anterior surface,
posterior surface, lateral surfaces, base, apex, and
sacral canal. We will consider the anterior surface
first.

a. The anterior surface is concave and has four
transverse lines representing the original separation
of the sacral vertebrae. Between these lines are the
bodies of the vertebrae. The first, or top, vertebra is
the largest; the others become smaller as thesacrum
descends. On the sides of the transverselines are the
anterior sacral foramina; which provide passage for
scv;ral nerves and arterices.

e e . . The posterior surface is convex and has a
T F 8. Partof theilium, ischium, and pubis make prominentpridge, the midsacral crest, descending
up the acctabulum. from its midportion. The first sacral vertebra has

superior articular facets with smooth articular

" surfaces that extend posteromedially and articulate

with the fifth lumbar vertebra. Theinferior articular

facets of the fifth sacral vertebra are round and

o~

T F 6. The greater and lesser sciatic notches are
located on the ilium.

T F 7. The ischial spine is located betweer. the
greater and lesser sciatic notches.
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extend downward to articulate with the articular
processes of the first coccygeal vertebra. Laterally,
from the articular crest, are the posterior sacral
toramina

¢ [pelateral surfaces. in regard to the posterior
portion. have bilateral ear-shaped, articular
surfaces, which join with the ilia to form ‘the
sacroifiac joints As the lateral surfaces descend,
they become narrower towards the extreme tip of
the lateral surface or the inferolateral angle.

¢ The base ot the sacrum is formed by the
warics urtiee of the first sacral vertebra and has
three parts - a medle part and two lateral surfaces.
The niddle part consists of an oval articular surface
ar the bady of the tirst vertebri. This area has an
unportant boay landmark called the promontory.
Che two lateral surfaces of the sacral base. often
called the ala of the sacrum, are represented by the
tused costal and transverse processes.

e. The apex is the inferior part of the sacrum that
joins with the coceyx.

J. The sacral canal is located near the posterior
part of the sacrum and extends from the first to the

" fifth vertebra. It is formed by the posterior aspect of

the sacral vertebral bodies and the fusion of the
lamiinae and spinous processes (see fig. 1-12),

The coccyx. The coccyx. commonly called the
tailbone, is the last segment of the vertebrae in the
vertebral column and is generally formed by the
tusions of four atypical vertebrae. It has ananterior
surface, a posterior surface, a base, and an apex,
shown in figure 1-13, ) -

a. The anterior surfiuce rescmbles the anterior
surface of the sacrum because it is concave and has
three transverse lines that mark the former
separations between the coccygeal vertebrae.

b. The posterior surface of the coccyx resembles.
in miniature, the posterior surface of the sacrum.
Extending upward from the coccygeal base are the
coccygeal cornua, which join the sacral cornua of
the sacral apex. .

¢. The base is the superior surface of the first
coccygeal vertebra and joins with the apex of the
sacrum, )

d. The apex is the extreme distal tip of the last
coccygeal vertebra.

Exercises (208):
Answer the following questions or fill in the blanks
as appropriate, '

. How many sacral vertebrae are there?

‘n

2. Which sacral vertebra is the largest? The

smallest?

3. The midsacral crest is located on the
side of the sacrum.

! Promon*\-y_
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Figure 1-12 The sacrum. \\
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Figure | 13. The coccyx.

With what vertebra does the superior articular
tacets of the sacrum articulate?

With what vertebra does the inferior articular
facets of the fifth sacral vertebra artiulate?

The lateral surfaces of the sacrum articulate
with the to form the — .

What is the sacral promontory and where 1S it
located?

‘Where is the sacral canal located with respect to
the sacral body?

How many coccygeal vertebra are there?

N

What are the transverse lines of the coccyx?

_ What are the two bony projections that extend

supertorly from the coccygeal base?

11..' v
A

12. The superior portion of the first coccygeal
vertebra is called the and the inferior tip
of the fourth coccygeal vertebra is called the

1-3. The Upper Extremity 1‘:

The upper extremity includes the fingers and the
hand. the wrist, the forearm, the elbow. the
humerus; and the shoulder girdle.

209. Characterize the anatomy of the fingers, hand,
and wrist by giving the name, number, locatlon, and
description of the various parts.

The Fingers and the Hand. Nineteen bones, when
united, form the fingers and hand. They are divided
.to two groups—the phalanges, which form the
fingers, and the metacarpals, which form the palm.
We will investigate the phalanges first.

The phalanges. Each digit has three phalanges,
except the thumb, which hastwo. Each phalanx has
a body, a head or distal end, and a base or proximal
end. The phalanges are not named but are identified
by their location and number, counted from the
thumb to the little finger (see fig. 1-14). For
example, the phalanx of the thumb nearest the palm
is the proximal.‘g}}dlanx of the first digit; the middle
phalanx of the middle finger is the middle phalanx,

 third digit; and the distal phalanx of the little finger

is the distal phalanx, fifth digit. The distal phalanges
are distinguished by their small size and by the
ungual tuberosity (or tuft) at their distal ends.
The metacarpals. The five metacarpals are the
longer bones that form the palm of the hand. Each
has a body, a head or distal end, and a base or
proximal end. The metacarpals do not have names,

7




but they are identified by the numbers ! through 5.
counted from the thumb to the litile finger. Again,
see figure 1-14. The first metacarpal is shorter and
wider than the cthers.

P.Prozimal Phalanges
(First Row)
M.Middle Phalenges
(Becond Row)
D.Ditkal Phalanqes
(Third Row)

Figure 1-14. The fingers and hand.

The Wrist. The wrist, or carpus, is arranged in
distal and proximal rows (see fig. 1-i5). The carpals,
classified as short bones, are cube-shaped and are
identified by name from the radial or thumb side to
the medial or ulnar side. Most of them zre referred
1o by more than one name. The outstanding
characteristics of the carpel bones are: (1) each one
except the pisiform has six surfaces; (2) the superior
surfaces are somewhat convex, the inferior surfaces
are concave; and (3) the outer surfaces are either
articular surfaces or roughened surfaces to provide
attachment for ligaments.

Greater multangular (trapezium). This carpal is
on the lateral or radial aspect of the dista} row of
carpal bones. It has a small tubercle projecting from
its anterior surface.

Lesser multangular (trapezoid). This is the
smallest bone of the distal row. Its shape resembles
that of a wedge.

Capitare (os magnum). This is the largest carpal
bone. It forms the center of the wrist.

tamate (unciform). This carpal is located on the
medial. or ulnar, side of the distal row. It is
sormewhat wedge-shaped and has a hooklike
process, which rises from its anterior surface.

Navicular (scaphoid). This bone is the largest
carpai in the proximal row. It is located on the
lateral aspect of this row.

ERIC
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Lunate (semilunar), This carpal is located in the
center of the proximal row between the navicular
and triungular,

Triangulor (triquetral or cuneiform). This bone is
located on the medial, o1 ulnar, side of the proximal
row. It is distinguished by its triangular shape.

Pisiform. This is the smallest carpal bone. It lies
anterior to the triangular.

Exercises (209):
1. What are the three parts of a phaianx?
2. Which digit(s) has no middls phalanx?

3. How many phalanges are there in the hand?

4. Howshould the center bone of the ring finger be
identified?

5. On which end of a metacarp «! hoze is the head?
The base?

6. Which metacarpal joins the ring finger?

7 On which phalanges 1s the ungual tuberosity?

8. How many carpal bones are there in one hand?

9. Which bones make up the distal carpal row?

10.

Which bones make up the proximal carpal row?

l1. Which is the smallest carpal bone?

. Which is the largest ca.; al bone?

/60
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| ‘Figure 1-15. The wrist,
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210. Given alist of the parts and descriptions of the
two bones of the forearm, match each with the
appropriate bone. ’

The Forearm. The forearm extends from the
wrist to the elbow and consists of two bones, the
ulna and the radius. We will consider the ulna first.
Coordinate your reading of this material by locating
the forearm features in figure 1-16.

The ulna. The ulna, located on the medial side of
the forearm, is classified as a long bone with a shaft
and both distal and proximal ends. It tapers from
the proximal to the distal ends, and the distal end
bends laterally to form a slight bow. The distal end
1s much smaller than the proximal end and has two
outstanding landmarks—the head and the-styloid
process. The shaft, somewhat rounded at its
proximal end, becomes increasingly smaller toward
its distal end. A rough wedge on the lateralaspect is
the interosseous border, to which the interosseous
membrane is attactied. On the proximal end are
these prominent landmarks: the radial notch, the
oblong depression ‘on the iateral side of the
coronoid process; the corenoid process, a large,
pyramidal projection from the anterior surface; the
semilunar notch, the arched depression extending
between the olecranon and the coronoid processes;
and the olecranon process, a large, curved
eminence.

The radius. The radius, also shown in figure 1-16,
is the lateral bone of the forearm and, like the ulna,

19

is a long bone with a shaft and both distal and
proximal ends. In contrast to the ulna, it tapers
from the distal to the proximal end. Prominent
landmarks on the distal end are the ulnar notch—a
small depression on the medial side—and the
styloid process—a conical projection of bone on the
jateral side. The shaft becomes larger as it
approaches the distal end and has a slight lateral
curvature. The interosseous crest forms the sharp
medial side of the shaft. The proximal ead consists
of the radial tuberosity—located on the medial side
of the neck; the neck—the round, smooth,
constricted part distal to the head; and the head—a
cup-shaped, disclike structure adapted for
articulation with the capitulum of the humerus.

Exercises (210):

Match the forearm bone in column B with related
information in column A by placing the letter of the
coluran B item in the space provided in column A.
Each column B item may be used once or more than
once.

Column A Column B
. Larger distal end. a. Radius.
, Coronoid process. b. Ulna.

—1

—2

— 3. Radial notch.
— 4, Semilunar notch.
—_. 5. Radial tuberosity.
6, Olecranon process.
— 7. Medial bone.
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Figure 1-16. The forearm.

211. Given a list of statements pertaining to the
elbow, indicate which are true and which are false. If
you indicate “false,” you must explain your answer.

The Elbow. The elbow is formed by the
articulation of the proximal portions of the ulpa
and radius and the distal portion of the humerus.
Since we have already discussed the proximal radius
and ulna, let’s look at the distal humerus.

The distal portion of the humerus. The flared,
distal end of the humerus presents five surfaces—
lateral, medial, anterior, posterior, and inferior—
which in one way or another help form the elbow.
The anteroinferior surface is comprised of the
articular surface. This surface is divided into two
parts by a slight ridge. The medial aspect is formed
by the trochlea, which is a deep depression between
two well-marked borders. The lateral portion
consists cf the capitulum—a smooth, rounded
eminence, marked by a slight groove on its medial
aspect Directly above and posterior to the
capitulum is the radial fossa, a small, smooth
depression Medial to this fossa and directly above
and behind the trochlea is the coronoid fossa. The
medial aspect of the distal humerus is formed by the
medial epicondyle This is a tubercular eminence,
larger and more prominent than its lateral

@ ~ounterpart, to which are attached various
) 20

./.

ligaments, tendons, and muscles. The lateral
epicondyle, though it serves the same purpose, 1s
smaller. The posterior portion of the distal humerus
is identified by a deep depression—the olecranon
fossa—just above the posterior aspect of the
trochlea. This fossa, the trochlea, the capitulum,
and both coronoid and radial fossae are covered by
a synovial membrane. They form the superior
aspect of the articular capsule of the elbow (see fig.
1-17).

The elbow joint. The elbow is formed by the
combined articulation of the ulna and radius and
the articulation of both of these bones with the
humerus. The head of the radius articulates wih the
radial notch on the lateral aspect of the coronoid
process. An articulation is also formed by the
capitulum and the fovea, on the superior surface of
the radial head. The trochlea articulates with the
semilunar notch of the ulna. In extreme
hyperflexion, the medial margin of the radial head 1s
received by the radial fossa on the anterior surface
of the distal humerus and the tip of the coronoid
process is ceceived by the coronoid fossa. In
extension, the olecranon process is received by the
olecranon fossa. Both epicondyles give attachment
to thic ligaments which bind the joint together (see

fig. 1-18). .
1 b ‘
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Figure | 17, The distal end of the humerus.

Hamerus

Trochiea

¥
Semilunar Notih
Ulna

Fipure | IS The elbow

21

Exercises (211):
Indicate whether the following statements are true
orfalse. If you indicate*‘false,” explain your answer.

T F 1. The olecranon fossa is located on the
anterior side of the humerus.

T F 2. The coronoid fossa is located on the
anterior side of the humerus.

T F 3. The radial fossa is located on the medial
side of the humerus.

T F 4. The lateral epicondyle is more prominent
than the medial.

+
/

T F 5. The deep depression on the posterior
surface of the humerus is the trochlea.




T F 6. The radius articulates with the radial notch
and the capitulum.

T F 7. The ulnar semilunar notch articulates with
the olecranon fossa.

T F 8. The olecranon process is received by the
olecranon fossa when the elbow joint is
flexed.
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212. Name the parts of the proximal humerus and
give a brief description of each.

The Humerus. The humerus is the bone that
extends distally from the shoulder joint to the elbow
joint. It is the largest bone of the upper extremity
and is classified as a long bone. Since we have
previously discussed the distal humerus, we will
begin with the shaft (see fig. 1-19),

Shaft. The shaft is the part of the bone that
extends from the tuberosities to the olecranon and
coronoid fossae. It is round at the proximal end and
becomes flattened tcward the distal end.

Proximal end. There are several elements in the
proximal end of the humerus. The surgical neck is
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Crreater Head
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the constricted portion of the humerus below the
tuberosities, it comprises the proximal one-third of
the shaft. The lesser tuberosity is a bony eminence
locaied on the anterior surface of the proximal
humerus just below ‘the anatomical neck. The
greater tuberosity is a rounded emincence on the
lateral side of the proximal end just below the
anatomical neck. It is an insertion place for the
spmatus muscles. The bicipital groove is a deep
furrow located on the anterior surface of the
proximal humerus between the greater and lesser
tuberosities. It runs distally in a slightly
inferomedial direction, ending about one-third the
length of the humerus, and is deeper at the proximal
end than at the distal end. The anatomical neck is
located between the greater and lesser tuberosities
and the head. It connects the head with the shaft.
The head is the uppermost portion of the humerus
and sits obliquely on the proximalmedial surface of
the bone and is directed slightly backward.

Exercises (2102):

In exercises | through 6 that follow, name the parts
of the proximal humerus and give a brief
description of each part. For example: the shaft—
the part of the humerus that extends from the
tuberosities to the olecranon and coronoid fossae.

213. Describe the anatomy of the clavicle and
scapula.

The Shoulder Girdle. The shoulder girdle consists
of two bones  the clavicle and the scapula. We will
exarnine the clavicle. then the scapula, and finally
the joint itself.

The clavicle. The clavicle, commonly called the
collarbone. is a long bone whosc shape resembles

1114’1

Y

the Old English letter “S.” It is located on the
superior anterolateral portion of the thorax and
extends horizontally. As you can see¢ in figure 1-20,
important landmarks of the clavicle are:

o The sternal end—medial portion.

® The acromial end—the lateral part.

® The coracoid tuberosity—a rough eminence
located on the posterior border of the lateral
third of the bone.

e Tlie costal tuberosity--—-a rough area located on
the medial part of the medial one-third.

The scapula. The scapula, or shoulder blade, isa
flat, triangular-shaped bone located on the
posterior superolateral part of the thorax,
extending inferiorly from the level of the second rib
to about the level of the eighth rib. It forms the
posterior part. of the shoulder girdle and is
connected to the chest walls by muscles.only. It has
two surfaces, three borders, three angles, and the
following other components that are important in
radiographic studies: the subscapular fossa, the
spine of the scapula, the supraspinatus fossa, the
infraspinatus fossa, the acromion process, the neck
of the scapula, the glenoid fossa, and the coracoid
process. These parts can be seen in figure 1-21.

The anterior surface of the scapula is concave; the
concavity is called the subscapular fossa. The
medial two-thirds of the anterior surface contains
ridges, which begin at the vertebral border and
extend superolaterally.

,The posterior surface of the scapula is slightly
arched. The spine of the scapula is a projecting plate
of bone running-superolaterally from the vertebral
border. The area above the spine is the
supraspinatus fossa; the area below is the
infraspinatus fossa.

The scapula has three borders—the superior, the
axillary, and the vertebral. The shortest and

Acromion End
Sternal End

SUPERIOR VIEW

Costal Tuberosity

Coracoid Tuberosity
INFERIOR VIEW

Figure | 20 The clavicle.
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Figure | 21. The scapula
thinnest is the superior, which is concave and The acromion process is a triangular projection,

extends from the medial angle to the coracoid base.  which, at the lateral end of the scapular spine,

At the base of the coracoid process, where the  extends slightly anteriorly and over the shoulder

superior border meets the base, is the scapular  joint.

notch. The glenoid fossa is the oval depression on the
The three angles frequently used as anatomical  outer part of the scapular head at thelateralangle. It

landmarks are the medial angle, the lateral angle,  forms one-half of the shoulder joint.

and the inferior angle. The medial angle is formed The coracoid process resembles a bent forefinger

where the superior and vertebral borders intersect.  and extends anterolaterally from the neck of the

The lateral angle is located laterally on the superior  scapula.

part of the axillary border. The lateral angle The shoulder joints. There are two joints in the

contains the glenoid fossa. shoulder that are of particular interest to you. The
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glenohumeral or shoulder joint (anenarthrodialor 4, What is the scapular spine and where is it
ball and socket type of joint) and the located?
acromioclavicular (A.C.) joint. The shoulder joint
is formed by the head. of the humerus and the
glenoid fossa of the scapula. The A.C. joint is
. formied by the acromion process of the scapula and

the di d of the clavicle. 22, .-
he distal end of the clavicle. See figure 1-22 5. Name the two areas directly above and below

Exercises-(213): the scapular spine.

1. What is the medial portion of the clavicle? The
lateral portion?

N .. 6. On whichscapular border is the scapular notch?
2. Give the names of the two tuberosities of the

clavicle.

3. Name the concavity of the anterior surface of 7. Which scapular angle is formed by the junction
the scapula. of the vertebral and axillary borders?

"ANTERIOR LEFT

Acromion Process

Distal End Glenoid Fossa

Clavicle
T

Sternum

Head
Greaber, Tu.be.rosi*:mj

{’:\‘,}\étl.c'sser Tuberosi{'q
2 \ Neclk ¢

Coracold Process

Figure | 22 The shoulder
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8. Give the name of the large process that is

located at the lateral portion of the scapular
spine.

1. What type of joint is the glenohumeral joint?

9. Name the oval depression at the lateral scapular

12. What two parts of the shoulder form the
angle.

shoulder joint?

10. What is the name of the projection that extends

13. What two parts of the shoulder form the A.C.
anterolaterally from the neck of the scapula?

joint?
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CHAPTER 2

Osteology of the.Vertebral Column, the Ribs, and the

¢

OUR STUDY of osteology continues with the
vertebral column, the ribs; and the sternum. As with
the extremities, we will present a somewhat
complete review of the basic osteology. We will also.
discuss some material that will help you perform the
quality control fynctions mentioned in the preface
to this volume. We will begin our discussion with
the vertebral column.

2-1. The Vertebral Column

Practically speaking, the spine is divided into five
anatomic areas, each consisting of a specific number
of vertebrae (see fig. 2-1). The most superior area is
the cervical region, containing seven vertebrge. The
thoracic spine is directly ‘inferior to the cervical
region and consists of 12 vertebrac. The third
portion of the column is the lumbar region;
composed of five vertebrae. Continuing down the
spine, we see that the sacrum is one irregular
vertebra, as is the coccyx at the lower end of the
column. The sacrum and coccyx were discussed in
Chapter 1.

214. Describe the anatomical parts of the lumbar
spine.

The Lumbar Spine. Five typical vertebrae
comprise the lumbar spine. They fit together to
torm the forward lumbar curve of the lower back.
As you can see in figure 2-2, they are identified by
number, from top to bottom. Characteristically, the
lumbar are the largest of the typical vertebrae but
have neither transverse foramina nor articular
facets on their bodies. We will examine the parts
that make up one of these vertebrae.

The body. This anatomic clement forms the
anterior part of a lumbar vertebra and is somewhat
kidney shaped. In general, the budy is rounded
anteriorly and flattened posteriorly. The superior,
inferior. and posterior surfaces are concave.

The pedicles. The pedicles extend posteriorly as
short, bony projections on both sides of the
posterior surface of the vertebral body. They
connect the remaiming vertebral parts with the
body.

The laminae. These bony projections extend
posteromedially from the pedicles to complete the
vertebral arch by connecting the transverse
processes to the spinous process. The vertebralarch
is the largest part of the vertebral foramen, which

Sternum

-

.

.
consists, of the pedicles, the articular, spinous, and
transverse processes, and the laminae.

The articular processes. There are four articular
procésses—two superior and two inferior. The

. superior processes are located at the junction of the

pedicles and" the laminae. From here, they extend
upwatd and' face postéromedially. In turn, the
inferior processes project downward from the
junction’ and face anterolaterally- to join with the
superior articular process of the adjoining vertebra.

The spinous process. This is a single, bon
projection attached to the vertebral arch. It extends
posteriorly from the midpoint of the laminac
junction. -

The transverse processes. These processes arise
from the pedicle-laminae junctions in.L-1, L-2, and
L-3. and from the pedicle-body junctions in L-4and
L-5. They are directed horizontally and slightly
Backward. .

The intervertebral discs. The intervertebral discs
are the shock absorbers for the vertebral column.
Though they are integral parts of all sections of the
spine, we will discuss them now and you can apply
this knowledge to the discussions that follow. Each
disc is composed of an outer layer of
fibrocartilaginous material, called annulus fibrosus,
and an inner area containing the pulpy substance,
nucleus pulposus. The discs are extremely elastic
and provide the cushioning effect needed to
preclude or limit the transmission of shock from one
end of the spine to the other.

The joints. Lumbar intervertebral joints are, for
all practical purposes, of the same basic
construction as those of the cervical and thoracic
regions. Refer to figure 2-3 as you read. ’
A3

The ‘ntervertebral joints are located between the
bodies of typical vertebrae. Thearticularsurfaces of
each vertebral body join the intervertebral discs to
form amphiarthrodial joints. Apophyseal or
interarticular joints are formed by the inferior
articular processes of one vertebra in articulation
with the superior articular processes of the vertebra

. directly below it. The lumbosacral (sacrovertebral)
joint is the point of union between the fifth lumbar
vertebra and the sacrum.
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Figure 2-1. The spine.
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Figure 2-2. The lumbar spine,
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Lumbosacral Joint

Apophyseal Joint

Figure 2 X, Joints of the lumbar spine.

Lxercises (214): 9. Where are the intervertebral joints of the
lumbar spine?
I' How many vertebrae are in the lumbar spine?

N

10. Name the lumbar joints that are formed by the
Name the large anterior portion of a lumbar articular processes.
vertebra.

(]

I'l. What two parts form the lumbosacral joint?
3. Where are the pedicles located”

4 What part of a lumbar vertebra is located  215. Given seiected statements pertaining to the
between the spinous «nd transverse processes? ~ thoracic spine, indicate which are true and which
are false. If you indicate “false,” explain your

answers.

L. o The Thoracic Spine. The thoracic vertebrae are
Specifically. what do the inferior articular  |ocareq at the posterior portion of the bony thorax
processes of _ the lnunh lumbar vertebra and form the posterior (kyphotic) curve, They
articulate with? ' include 12 typical vertebrae, to which 12 pairs of
ribs are attached. By reference to figure 2-4, you can
sec that they are identified by a number such as T-1.
T-2, etc. They increase in size from T-1 to T-12. All
of the thoracic vertebrae are typical in that they
have the 12 characteristic parts. However, they are
further distinguished by the costal articular facets
located on the transverse processes of T-1 through
T-10and on the posterolateral surfaces of the bodies
How miny transverse processes has each of all thoracic verfebrae,
lumbar vertebra? The typical thoracic vertebra. Except for the
articular facets, a typical thoracic vertebra is much
like a lumbar vertebra. The lateral surface has two
articular facets on each side of T-1 through T-8 and
8 What 1s the name of the outer layer of an one articular facet on each side of T-9 through T-12,
intervertebral disk? The inner layer? The posterior surface is concave and thicker than
the anterior surface. The transverse processes
extend posterolaterally and support the ribs. The

wn

6. What 15 the name of the most posterior
projection of u lumbar \ertebra?
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Articular Sur*iace
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THORACIC VERTEBRA

Lamina
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Articular
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Surface
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THORACIC VERTEBRA

Costal Pedicle Superior

AY’t‘iCUlal‘ Art’icular

Facets

Inferior

THORACIC VERTEBRAE

Figure 2 4. The thoracic spine,

spinous process is located posteriorly and extends
backward and downward obliquely. The superior
articular processes extend upward and
posterolaterally. The inferior articular processes
extend downward and anteromedially. The pedicles
extend slightly upward and backward from each
side of the posterior surface of the vertebral arch.
The laminae extend posteromedially from the
pedicle-transverse process junction to the spinous
orocess. Figure 2-4 illustrates the structure of

thoracic vertebrae and the lateral aspect of the
thoracic spine.

Joints of thoracic veriebrae. The intervertebral
and apophyseal joints are of the same type and
formed by the same parts as the joints in the lumbar
vertebrae. The costovertebral joints are between the
vertebral bodies and the heads of the ribs. They are
formed when the heads of the ribs articulate with the
articular facets, or demifacets, of the vertebrae. The
costotransverse 1 jeints, between the transverse

LA
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processes of the vertebrae and the tuberclues of the
ribs. are formed when the articular facets of the
transverse processes join the tubercles of the ribs.
This articulation is not present on the last two
vertebrae (see fig. 2-5).

Costotronsverse Joint

Figure 2 § Jowmty of the thoracic spine.

Exercises (215):

Ind:cate whether the following statements are true
ot te.sC. If youindicate “false.” explain your answer.

- .
I F 1. There are 12 thoracic vertebrae.

T b 2. Costal articular :ccets are located on the
transverse pmacesses of all thoracic
vertebrae.

I F . Allof the thoracic vertebrae bodies he..cat
least.one arucular facet,

T F 4 A thoracic vertebra is considerably
different from a lumbar vertebra.

I F 5. The heads uf the nbs join the thoracic
vertebra at the costovertebral joints. *

N\

T F 6. Costotransverse joints are present on thc
first 10 thoracic vertebrae.

v

T F 7. Thoracic vertebrae have no apophyseal
joints. .

1

216. Prove that you can describe the anatomical
parts of the cervical spine by filling in the blank
spaces in a series of sentences.

The Cervical Spine. Seven cervical vertebrae
make up the cervical spine. "Because of some

peculiarities in the construction cf certain of these
vertebrae, we will brlcﬂy discuss *heir differences.
Follow the discuszion by noting the described
cliaractcristics in figure 2-0.

Firse cervical vertebra. The first vertebra may be
dcscnbcd a3 beitig atyplcal because it has no bady
or. spinous prccess but has a larger vertebral

_ foramen than does a typical vertebra. This vertebra

is called the atlas, because it supportsthe head as the

mythologlcal Atlas supportcd the earth. It is round

and has an antérior atch, a posterior arch, a
posterior tubercle, two lateral masscs two superior
articular facets, two inferior articuler facets, ard
two transvérse pprocesses.
 Second cervical vertebra. The second cervical
vertebra is alsp atypical, because it has the odontoid
process (a vounded, perpendicular piece of bone
that ariSes {rom ‘its body), The name for this
vertebra is .“axis." because it serves as the pivot
-point {or the atla
Cervical verteb rae 3 through 7. The remainder of
the vertebrae are . similar to each other in
construction. Howaver, .their bodies are smaller
than the bodies 'of:thracic or lumbar vertebrae.
Since each of them has 12 parts, cach is considered a
typical vertebra, though ali have characteristics
peculiar to cervical vertebrae. Each one (including
the atlas and axis) has a foramen in each transverse
process, through:which veins, arteries, and nerves

7 pass. Such transverie processes are found only in

the cervical ‘vertebrae. Another peculiar
characteristic is the bifid (divided into two parts)

. spinous process. The seventh cervical vertebra is

particularly distinctive in.that its spinous process is
long, bifurcated, and extends farther outward than
the spinous pracess of -the.other cervical vertebras.,

Joints of cervical vertebrae. The joints of the
cervncal vertebrae aré the_atlanto-occipital jOlntS
(atlas and occipital bond), the atlanto-axis joint
(atlas and axis), the intervert¢bral joints, and the
interarticular joints The atlanto-occipital joint is
formed by the superior artlcular surfaces of the atlas
in articulation with the condyles of the occ:pxtal
bonc of the skull. The atlanto-axial articulation is
formed by the atlas and axis. The intervertebral and
apophyseal joints are similar to those of other
vcrtcbrae (sce fig. 2-7).

Exercises (216)
“In the cxcrcnscs that follow fill in the blank spaces

with one or two words as appropriate.

1. The' is the first cervical veriebra.
is the second cervical vertebra.

2. The
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Figurz 7-6. The cervical spise.

3. v ~cal vertebrae have transverse 7. Cervicai spmous processes are

foramina.

8. The atias articulates with the bone to
4 The has no spinous process. . rorm the jonts.
5 The odontoid proszss s part of the " | 9. The atias articulfates with the axis to form the
. . m—lomnt

6 The cerw1cal vertebra has the longest

SPIDOUS Brocess. 10, cervical vertebrae are considered

atypical.
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intervertebral Joint —

Figuie 2-7. Joints

2-2. The kibs and the Ster:_mm

The area described as the ribs and the sternum
ncludes the several parts of the sternum and the
many types of joints inve.ved.

217. List the three groups of ribs, give the number
of ribs in ¢ach group, and explain esch
classification.

The Ribs. The ribs are curved. flat bones that
form most cf the posterior and anterior structure
and all of the lateral structure of the bony thorax.
Usually. there are 12 ribs on each side of the median
plane of the thoraa. extending from the Ist through
the 12th thoracic vertebra. As you can see¢ in figure
2.8. ribs are dentified by number and by the side of
the body in which they are located. The first seven
pairs are considered true ribs. They are attached to
cartilage. which joins directly to the sternum. The
remaining five pairs are considered false ribs. The
costal cartilage does not articulate directly with the
sternum. Ribs 8. 9. and 10 articulate anteriorly with
the costal cartilage of the ribs directly above them.
Because they do not articulate anteriorly, ribs 11
and 12 are frequently called floating ribs.

Exercises (217):

Ia exercises | through 3 below. st the three groups
ot ribs. give the number of ribs in each group. and
explain why they are classified as such.

!

lu !

/
dyles of Occipital

.=

3

Sup. Artic. Surfaces

Atlas Pivot Joint *
. , /sl

Axis

N Apophyseal Joint

of the cervical spine.

218. Describe the anatomical parts of thesternum.

The Sternum. The sternvin, commonly called the
breastbone, is long and flat and is located almost
vertically at the midanterior part of the thoracic
cage. The major parts and landmarks of the sternum
are the manubrium, the body. thesternal angle, and
the xiphoid process. The parts of the sternum are
illustrated in figure 2-9.

Manubrium. The manubrium of the sternum is
about 2 inches long and is the uppermost part of the
sternum. It is thick and broad superiorly. and
becomes narrower as itdescends toward the body of
the sternum. The superior surface contains the
suprastern~l notch. often called the manubrial
notch. On both sides of this notch are the clavicular
notches. where the clavicles articulate with the
manubrium,
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Figure 2 9 The sternum. 1 '
-

34

o — s e . e o smamrarm iy s &

‘1




The body, or gladiolus. The body of the sternum,
also called the corpus, is about 4 inches long. The
superior part of the body articulates with the
inferior part of the manubrium. On each lateral
border of the body are articular facets for ribs 2
through 7.

Sternal angle. The sternal angle, also called the
angle of Louis, is formed by the articulation of the
inferior border of the manubrium with the superior =
border of the sternal body.

Xiphoid process. The xiphoid, or ensiform,
process forms the distal portion of the sternum. Itis
the smallest and thinnest of the three major sternal
components and remains cartilaginous until
advanced adulthood. Its posterior surface continues
with the posterior surface of the sternal body, and
each of its superolateral borders has a demifacet.

Exercises (218):

1. What is the name of the upper portion of the
sternum? -

/77

2. What are the names of the three notches of the
upper portion of the sternum?

3, Name the angle formed by the sternal body and
manubrium.

4, In what part of the sternum is the xiphoid
process?

219. Given a list of the joints of the ribs and the
starnum, match each with =2n appropriate
descriptive statement.

Jaints of the Ribs and the Sternum. We have
already discussed the costovertebral and
costotransversé joints, so let's examine the other
joints of the ribs and sternum. Refer to figure 2-10to
see these joints.

Costosternal Joints

Costovertebral Joint:

Sternoclayicular Joint

Sternomanubrial
Joint—

Costotransverse Joint:

Clavicle

Costochondral Joints

Figure 2-10. The costal joints.
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Costosternal joints. Only the true ribs are
involved in the costosternal joints, which are
formed by the articulation of the costal cartilage of
the ribs with thesternum Only the first costosternal
jomnt is synarthrodial, all of the others are
diarthrodial joints.

Interchondral joints. The costal cartilage of ribs
6.7, 8.9, and 10 aruculate with each other to form
the interchondral joints.

Costochondral jonts. These joints are formed by
the costal cartilage in articulation with the sternal
ends of the ribs.

. Sternoclavicular  joints. The sternoclavicular

jomnts are formed by the sternal ends of the clavicles
in articulation with the clavicular notches of the
manubrium.

Sternomanubrial joini. The sternomanubrial
jomt 1s formed by the inferior surface of the
manubrium in aruculation with the superior surface
of the sternal body to form an amphiarthrodial
joint. Although the manubrium remains stationary,
the sternal body 1s able to move anteriorly and

posteriorly. This movement is important in the
mechanics of respiration.

Xiphisiernal joini. The xiphisternal joint 1s
‘formed by the superior surface of the xiphoid
process in articulation with the inferior surface of
the sternal body:.

Exercises (219):

Match the joints in column B with the appropriate
statement in column A by placing the letter of the
column B item in the space provided in column A.
Each column B item may be used once or not at all.

Celumn A Column 8
Anterior ends of rths ar-
ticulate with costal c.artilage

- Sternal body and wphotd
process join. joints.,

Munubrium joins with stere o ( orochondral jomis
nal body. e Sternomanubr gt

—! Costosternal joints
Interchondral soints

Costotiansserse

> &

—— 4. Costal cartilage of ribs in ar- jont,
. llculauon”mlh cuch other / Xiphnsternal jornt
-—5 Costal cartilage o truc b ¢ Stermonbaytoulas

Jotns with siernum
— % Claytal  articebates
11afiuhrium

pering

with 4 Codovertebral wnt
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CHAPTER 3

Osteology of the Skull, the Facial Bones, and the
Paranasal Sinuses

\ <
PERHAPS_NO other bony body parts are as
ditficult to demonstrate radiographically as are
certain parts of the skull. The main reason for the
difficulty s the many overlying structures. Many
¢xaminations require precise angulations of the
saull, film, and CR. Evaluating the guality of skull
radiographs 15 also difficult because of overlying
structures. it 1s difficult both to position the skull
properly and to evaluate the quality of the
1adiographs without a good working knowledge of
osteologs.

Our study of osteology continues in this chapter
with the cramum. faci! bones. and paranasal
NHTNY

3-1. The Cranium

In vur discussion vl toe cranum. we will examine
the cranial bones and the cranial sutures, junctions,
and tontanelles.

220. Name, locate, 2nd describe the eight bones of
the cranium.

The cranium has cight bones- one frontal. two
parietal. two temporal. one occipital. one sphenoid,
and one ethmoid. Use foldout | in the back of this
volume as a reterence while you study.

Frontal Bone. The frontal bone 1s the forehead,
the anterior root of the cranium. the superior part of
the orbits. a part of the nose. and the anterior floor
ot the cramal fossa. In itself. it has two major
parts the squamosal and the orbital. The
squamosal part ol the frontal bone makes up the
torehead. 1ty outstanding parts are the frontal
eminences. the supraorbital foramina, the
svgomatic processes. the nasal process. the frontal
unuses. (discussed later in this chapter). and the
<agital sulcus, The frontal eminences are large,
rounded. bony eles ations .ocated on each side of the
anterior midline above the supraorbital ridges. The
supraorbital ridges are the prominent bony ridges
that torm the upper anterior boundaries of the
orbits and also mark the runction of the squamosal
and orbital pertions of the trontal bone. They can
be easily felt under the eyebrows. The supraorbital
toramina are the small holes that provide passage
tor the supraorbital nerve and the blood vessels. The
7V ZOMAtIc Processes are prominent bony processes
on the lateral parts ot the supraorbital ridges,
.onnecting the trontal and 73 gotnatic bones. The

nasal process is the piecc of bone projecting
downward and forward and extending from the
nasion. It supports the bridge of the nose. The
sagittal sulcus, a vertical groove on the internal
surface of the frontal bone, is formed by the fusion
site of the original two parts of the frontal bone. The
orbital portions of the frontal bone, which make up
the superior parts of the orbits, are thin, triangular
plates. .

Parietal Bones. The two parictal bones make up
most of the lateral walls and the roof of the cranium.
In front. they unite with the frontal bone, and on
top, they unite with cach other. The anterior,
superior, and posterior borders are serrated for
articulation with the frontal, parietal, and occipital
bones. Inferiorly. they articulate with the temporal
and sphenoid bones.

Temporal Bones. The two temporal bones form
part of the inferolateral walls of the cranium,
bilaterally. The parts of these bones that deserve
special consideration are the mastoid processes, the
petrous ridges, the styloid processes, the tympanic
portions, the mandibular fossae, and the zygomatic
processes.

Mastoid processes. These large, bony
prominences are located on the inferoposterior part
of each temporal bone, directly behind each
external auditory meatus (EAM). They contain air
cells of different sizes and shapes called mastoid
cells.

Petrous ridges. These are the pyramidal wedges
of bone that form the part of the cranial base
between the sphenoid and occiptal bones. They also
house the inner car.

Sty loid processes. The styloid processes are long
slender projections extending forward and
downward from the inferior part of the temporal
Jones.

Tympanic portions. Lying anterior to the
mastoid processes and directly above the styloid
processes, their anteroinferior portions make up the
superior part of the mandibular fossae.

Vandibular fossae. These depressions are located
in the anteroinferior portion of the tympanic parts
of the temporal bones. They are also part of the
temporomandibular joints, since they provide
articulation for the condyloid processes of the
mandible. -
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Zygomatic processes. These processes are slender
bony projections extending anterisrly from the
inferior aspects of the temporosquamosal areas just
above each external auditory meatus (EAM). Their
anterior ends are serrated for articulation with the
zygomatic processes of the zygomatic bones,
forming the zygomatic arches.

Occipital Bone. The occipital bone, which makes
up part of the roof and the posteroinferior portion
of the cranium, has these outstanding parts: the

foramen magnum, the external and internal.

occipital protuberances, and the occipital condyles.

Foramen magnum. This foramen is a large
opening in the bzse of the occipital bone, through
which the lower parts of the medulla oblongata and
spinal cord pass to the spinal column.

External occipital protuberance. The external
occipital protuberance (EOP) is a bony prominenc»
located in the middle of the area where the occipital
bone curves inward to form the posterior portion of
the cranial base. This prominence may be easily felt,

Internal occipital protuberance. The internal
occipital protuberance is located on the internal
surface of the occipital bone in the same area as the
external protuberance, and marks the junction of
the four divisions of the occipital hone.

Occipital condyles. These condyles, lying on each
side of the foramen magnum on the external
surface. are oval-shaped, smooth, bony
prominences, which articulate with the superior
articular surfaces of the atlas. The skull joins the
vertebral column at this point,

Sphenoid Bone. The sphenoid bone is located at
the base of the cranium where it makes up the
middle portion of the cranial floor. Its major parts
are the body, the optic foramina, the sella turcica,
the anterior and posterior clinoid processes, the
great wings, and the lesser wings.

Body. The body of the sphenoid bone is the
middle part, hollowed out to form two sphenoid
sinuses, which lie directly behind the nose.

Optic foramina. These two foramina, one on each
side, are located at the anterolateral part of the body
of the spiicnoid bone. Through these holes, the optic
nerves and vessels leave the cranial vault and’ enter
the orbits.

Sella turcica. This “Turkish saddle,” located on
the superior surfate of the body of the sphenoid
bone, is a saddle-shaped depression on which the
pituitary gland 1s situated.

Clhinoud processes. These bony projections arise
from the lesser wings and dorsum sella respectively.
They bend backward and forward over the sella
turcica to form a partial protective roof over the
prituitary gland.

Great swings. These wings extend laterally from
the sides of the body. They form part of the floor of
the cramum, a small part of its lateral walls just
anterior to the temporal bones. and the posterior
sart of the lateral walls of the orbuts.,

Aruitoxt provided by Eic:

Lesser wings. These wings lie anterior to the sella
turcica, and are thin, triangular pieces of bone that
extend laterally from the body. Part of the posterior
roof of the orbits is formed by their inferior surface.

Ethmoid Bone. The ethmoid bone, the smallest of
the cranial bones, is located behind the bridge of the
nose and forms part of the anterior base of the
cranium and the orbits. Its major parts are the
cribriform plate, the crista galli, the perpendicular
plate.

Cribriform plate. The plate has a vast number of
foramina (cribriform foramina) through which the
olfactory nerves (nerves of smell) pass to enter the
nasal cavity. Articulating with the ethmoid notch of
the frontal bone, this plate forms the roof of the
nasal cavity.

Crista galli. This bony projection, shaped like a
shark’s fin, extends upward from thé cribriform
plate. It is the attachment for the anterior brain.

Perpendicular plate. This thin, bony projection
extends downward from the inferior surface of the
cribriform plate and forms part of the nasal septum.

Exercises (220):

I. What bones make up the cranial roof?

2. Which bone forms the superior portion of the
orbits? ‘

3. Name the foramen that is located on the
anterior portion of the frcntal bone, just above
the orbits.

o

4. Which portion of the frontal bon. makesup the
forehead?

5. Describe the sagittal sulcus of the frontal bone.

6. What bone(s) join posteriorly with the oceipital
and anteriorly with the frontal?

7. The mastoid process is part of what bone?

1&11)




ERIC

Aruitoxt provided by Eic:

13

Name the pyramidal wedges of bone that are
part of the temporal bones.

. What part of the temporal bone helps form the

temporomandibular joint?

. On which bone is the tympanic portion?

. Name the large foramen in the occipital bone.

-

With what part(s) of the occipital bone does the
first cervical vertebra articulate?

3

What palpable bony prominence is located on
the occipital bone?

. What bone makes up the mid-portion of the

floor of the cranium?

. Through what foramina do the optic nerves and

vessels enter the orbits?

. In what specific location 1s the pituitary gland?

.

. What processes located on the sphenoid bone

partially protect the pituitary gland?

. The great and lesser wings are part of what

bone?

H
Which is the smallest cramal bone?

What portion of the ethmoid bone forms the
roof of the nasal cavity?

39
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21. Give the specific location of the cristi galli.

22. What is the thin projection extending inferiorly
from the bottom of the cribriform plate?

221. Given a list of the cranial sutures, match each
with the bones that unite to form them.

The Cranial Sutures. The cranial sutures are as
follows:

(1) Coronal suture—the frontal
articulation with the parietal bones.

(2) Sagittal suture—the two parictal bones in
articulation with each other.

(3) Lambdoidal suture—the occipital bone_in
articulation with the parietal bones.

(4) Squamosal suture—the temporal bone in
articulation with the parietal bone.

(5) Sphenosquamosal suture—the sphenoid
bone in articulation with the temporal bone.

(6) Sphenofrontal suture—the sphenoid bone in
articulation with the frontal bone.

(7) Sphenoparietal suture—the sphenoid bone in
Aarticulation with the parietal bone.

(8) Occipitomastoidal suture—th~ occipital
bone in articulation with the mastoid process of the
temporal bone.

(9) Parietomastoidal suture—the parietal bone
in articulation With the mastoid process of the
temporal bone.”

Exercises (221):

Match the cranial suture in column B with the
bones, in column A, that unite to form it. Place the
letter of the column B item in the space provided in
column A. Each column B item may be used once or
not at all. :

bone in

Column A Column 8

—— 1. Occipital-parietals. a. Sphenoparictal.
—— 2. Paricials. * b. Parictomastoidal.
— 3. Occipital-mastoid process.  ¢. Lambdoidal.
— 4. Frontal-parietals. d. Sagital.
— 5. Temporal-parictal. ¢. Sphenosquamosal.
— 6. Sphenoid-temporal. f. Squamosal.
— 7. Parietal-sphenord. g. Sphenofrontal.

h. Coronal.

i

Occipitomastoidal.

222. Given a list of the cranial junctions, match
each with (1) the sutures that unite to form them,
and (2) the corresponding cranial fontanelles.

Crania} Junctions. The cranial junctions are as
follows:

(1) The bregma—the anterior junction of the
coronal and sagittal sutures.

o3
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(2) The lambda—the posterior junction of the
sagittal and lambdoidal sutures.

(3) The asterion—the posterolateral junction of
the lambdoidal, squamosal, occipitomastoidal, and
parictomastoidal sutures.

(4) The pterion—the anterolateral junction of
the squamosal, sphenosquamosal, sphenofrontal,
and sphenoparietal sutures.

Cranial Fontanelles. The cranial fontanelles are
holes in the cranium at several junctions of the
cramal bores. Usually, they are found only in
infants and represent the future sites of the cranial
Junctions. The ossification of the fontanelles usually
15 complete at 2 years of age. There are six
tontanelles—one anterior, one posterior, two
anterolateral, and two posterolateral.

The anterior fontanelle. Often called the frontal
fontanelle, the anterior fontanelle is located where
the two parietal bones join the frontal bone.
Usually, it is the future site of the bregma and is the
last fontanelle to ossify.

The posterior fontanelle. Often called the
occipital fontanelle, the posterior fontanelle is
located where the two parietal bones join the
occipital bone. It is the future site of the lambda.

The anterolateral fontanelles. Often called the
sphenoidal fontanelles, the anterolateral fontanelles
are located bilaterally at the junction of the parietal
bones with the sphenoid and frontal bones. They are
the future sites of the pterion.

The posterolateral fontanelles. Often called the
mastoid fontanelles, the posterolateral fontanelles
are located bilaterally at the junction of the parietal
bone with the mastoid process of the temporal bone
and the occipital bone. They are the future site of the
asterion.

Exercises (222):

Match the cranial junctions in column B (1) with the
sutures in column A that form them, and (2) with
the corresponding cranial fontanelles in column A.
Place the letter of the column B item in the space
provided in column A. Each column B item may be
used only once in each part,

Column + Column 8
Sutures
- ! Sguamosal. sphenosquamosal. @ Asterion
sphcnoparietal b Bregma
-2 Quaprtomastoidal,  squamosal « lambda.
iambdodal, panictomastandai d Pterion

—— ¥ Sagitwal fambdowdai
= d Sagittal coranal

I ontanetles

(VY

Posterolateral
Anteroiateral
\nterior
- % Postenior

1

3-2. The Faclal Bones

The facial bones are the maxilla, lacrimal,
zygomatic, palatine, nasal, inferior nasal conchae,
vomer, and mandible.

223. Given a list of statements pertaining to the
facial bones, state whether they are true or false. If
you believe they are false, explain your answer.

The following bones make up the facial portion of
the skull—two maxillae, two lacrimal bones, two
zygomatic bones, two palatine bones, two nasal
bones, two inferior nasal conchae, one vomer, and
one mandible. The maxillae, the zygomatic bones,
and the mandible form most of the facial contour.
Sece foldout | at the back of this volume.

Maxillae. The maxillae form the upper jaw and
hold the upper teeth in place. They meet and fuse at
the anterior borders of the face and in the midline.
Also, they form part of the medial floor of the
orbits, the medial part of the infraorbital ridge, the
lateral parts of the nasal fossa, and the anterior part
of the roof of the mouth. Each maxilla consists of
the body, the frontal process, the infraorbital
foramen, the infraorbital margin, the zygomatic

process, the palatine process, the anterior nasal’

spine, and the alveolar process.

The body comprises most of the bone and has a
large cavity, the antrum of Highmore, which
contains the maxillary sinus. The frontal process of
the maxilla e